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RECOMBITOPE PEPTIDES 

Related Applications 

This application is a continuation-in-part of U.S.S.N. 662.276 entitled "A 
Human T Cell Reactive Cat Protein Isolated from House Dust and Uses Therefor," 
filed February 28, 1991, which is a continuation-in-part of U.S.S.N. 431,565 entitled 
"A Human T Cell Reactive Cat Protein Isolated from House Dust and Uses 
Therefor," filed November 3, 1989, the teachings of which are incoiporated herein by 
reference. 

Background of the Invention 

T lymphocytes can mediate and regulate both the specific and non-specific 
effector mechanisms of immune responses. CD4+ T lymphocytes provide help for 
antibody production and secrete cytokines which modulate the growth of other T 
cells and the growth and differentiation of other immune cells such as monocytes and 
granulocytes. Functional and biochemical studies have demonstrated that the 
generation of cellular immune responses depends upon antigen receptors on T cells 
that recognize peptide fragments of foreign proteins associated with products of the 
major histocompatibility complex (MHC) that are expressed on antigen-presenting 
accessory cells. Recent advances in technology have made it possible to culture 
efficiently antigen-specific human and mouse T cell lines and clones in vitro . In 
addition, it is now possible to produce large amounts of protein antigens or their 
fragments using recombinant DNA technology or solid phase peptide synthesis. 
Thus, in the last few years, several research groups have begun to determine the 
linear amino acid sequences of antigenic proteins that are recognized by T cells in 
association with MHC (T cell epitopes). 

Peptides derived from a variety of protein antigens, including bacterial and 
viral pathogens, autoantigens, allergens and other experimental antigens such as hen 
egg lysozyme (HEL), ovalbumin (OVA) and lambda repressor (cl) have been 
examined for the ability to stimulate antigen-specific T cells. A wide size spectrum 
of peptides has been reported to serve as T cell epitopes. For example, OVA amino 
acid residues 324-339 (Shimonkevitz, R. et al„ J. Immunol. . 133:2167 (1984)), HEL 
amino acid residues 74-96 (Shastri, N. et al., J. Exp. Med. 164:882-896 (1986); and 
lambda repressor (cl) amino acid residues 12-26 (Lai, M.-Z et al., J. Immunol .. 
139:3973-3980 (1987)) have been demonstrated to trigger efficiently whole protein- 
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primed T cells. A peptide derived from Hepatitis B surface antigen (HBsAg amino 
acid residues 19-33) has recently been shown to stimulate T cell responses in a 
majority of human subjects who had been immunized with a recombinant hepatitis B 
vaccine (Schad, V.C et al, fr^in™ in Immunol.. 3:217-224 (1991)). A major 
mycobacterial antigen 65-kD protein has also been epitope-mapped (Lamb, J.R. et 
al., HMBO J.. 6(5):1245-1249 (1987)). T cell epitopes have been identified in the 
peptides comprised of amino acid residues 112-132 and 437-459 of the 65-kD 
protein. Myelin basic protein (MBP), an autoantigen which induces experimental 
autoimmune encephalomyelitis (EAE) and the presumed autoantigen in multiple 
sclerosis (MS) has also been epitope-mapped in both human (Ota, K. et al., Mature, 
346:183-187 (1990)) and rodent (Zamvil et al., Na tur e 324:258-260(1986)) systems. 
Ota et al. have identified a major T cell epitope recognized by MS patients, MBP 
amino acid residues 84-102. Minor epitopes (MBP amino acid residues 143-168, 61- 
82, 124-42 and 31-50) recognized by T cells from MS patients were also described. 
Zamvil et al. have shown that MBP amino acid residues 1-11 contain the major T 
cell epitope® causing EAE, in susceptible rodent strains. 

T cell epitopes present in allergenic proteins have very recently been 
described (O'Hehir, R. et al, Ann ^ Tmmunol.. 9:67-95 (1991)). Several peptides 
derived from the house dust mite allergen DSLp. I have been shown to beTcell- 
reactive (Thomas, W.R., £L2l- In Bpi*" r-< "f Atonic Allerrens Prptyptfnfrs 
Wftritshnp from xr v Prmyntt* nf the European Acadf mv of Allergy and Clinical 
TmmnnolQ^v. Berlin (Sept 1989) pp. 77-82; OHehir, R.E. .Annual Review 
Tmmunolo?v 9 :67-95 (1991); Stewart, G.A. £I_al In: Epitopes of Atopic Allergens 
Pm^nyt nf Wnrkcnnp from XIV C nng™** nf the Enrnnenn Academy of Allergy 
.nHrHnicalTmmunologv. Berlin (Sept 1989) pp 41-47; and Vessel, H. e±aL In: T 

Activation in Health and B ise-ase: Discrimination Between Immunity and 
Tolerance. Conference 22-26 (Sept 1990) Trinity College, Oxford U.K.). A T cell- 
stimulatory peptide derived from the short ragweed allergen Amba I amino acid 
residues 54-65 has also been reported (Rothbard, LB. sua., Cell, 52: 515-523 (1988). 
Using a panel of T cell clones derived from a rye grass-allergic individual, Perez et 
al. demonstrated that T cell epitopes are contained within amino acid residues 191- 
210 of the protein allergen Lol pT (Perez, M. eJUL ,T, Bipl. Cfrem,, 265(27): 16210- 
16215.(1990)). 
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Symreary pf foe Invention 

The present invention provides isolated peptides having T cell stimulating 
activity, termed recombitope™ peptides. Recombitope peptides of the invention 
preferably have human T cell stimulating activity. In addition, recombitope peptides 
of the invention preferably comprise at least two T cell epitopes derived from the 
same or from different protein antigens, and more preferably comprise at least two 
regions, each region comprising at least one T cell epitope derived from a protein 
antigen and each region preferably having human T cell stimulating activity. In 
some instances, recombitope peptides comprise three such regions derived from the 
same or from different protein antigens. As used herein, a region of a recombitope 
peptide comprises at least 5 and preferably at least 7 amino acid residues. Typically, 
recombitope peptides comprise regions which are arranged in a configuration 
different from a naturally-occurring configuration of the regions in a protein antigen 
in order to eliminate undesired properties associated with the secondary or tertiary 
structure of the protein antigen while maintaining the primary structure dependent 
human T cell stimulating activity. For example, the regions can be derived from the 
same protein antigen and arranged in a noncontiguous configuration or in a 
noncontiguous configuration and a nonsequential order, 

Recombitope peptides of the invention can be derived from protein allergens. 
These recombitope peptides* preferably have minimal immunoglobulin E stimulating 
activity and bind immunoglobulin E to a substantially lesser extent than protein 
allergens from which the recombitope peptides are derived bind immunoglobulin E. 
More preferably, recombitope peptides derived from protein allergens do not bind 
immunoglobulin E specific for the protein allergens in a substantial percentage (at 
least about 75%) of the individuals sensitive to the protein allergens, or if such 
binding occurs, such binding does not result in mediator release, e.g. histamine, from 
mast cells or basophils. In addition, recombitope peptides can be derived from 
autoantigens, such as insulin, myelin basic protein and acetylcholine receptors. These 
recombitope peptides preferably do not bind immunoglobulin specific for the 
autoantigen in a substantial percentage (at least about 75%) of a population of 
individuals sensitive to the autoantigen. Further, recombitope peptides derived from 
protein allergens or other protein antigens can be designed such that an undesirable 
property of the native protein (e.g., enzymatic activity) can be eliminated for 
therapeutic purposes. 

The invention also provides methods of diagnosing sensitivity to a protein 
allergen or other protein antigen in an individual, methods to treat such sensitivity 
and therapeutic compositions comprising one or more recombitope peptides. For 
example, methods of detecting specific Delayed Type Hypersensitivity and/or 
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specific Immediate Type Hypersensitivity in an individual to at least one protein 
allergen or other protein antigen are disclosed. According to one method, a specific 
Delayed Type Hypersensitivity test utilizing a recombitope peptide of the invention 
can be administered to an individual, and the extent to which a specific Delayed Type 
Hypersensitivity reaction occurs in the individual can be determined. In another 
method, the presence of immunoglobulin E specific for at least one protein allergen 
can be determined in an individual and the ability of T cells of the individual to 
respond to T cell epitope(s) of the protein allergen assessed. In this embodiment, a 
specific Immediate Type Hypersensitivity test utilizing a protein allergen or a portion 
thereof, or a modified form of a protein allergen or a portion thereof, each of which 
binds immunoglobulin E specific for the protein allergen is administered to 
individuals. Additionally, a specific Delayed Type Hypersensitivity test utilizing a 
modified form of the protein allergen or a portion thereof, or a protein allergen 
produced recombinantly, or a recombitope peptide derived from a protein allergen, 
each of which has human T cell stimulating activity and each of which does not bind 
immunoglobulin E (IgE) specific for the protein allergen or if binding occurs, such 
binding does not result in release of mediators from mast cells or basophils in a 
substantial percentage of the population of individuals sensitive to the allergen (e.g., 
at least about 75%) is administered to the same individuals prior to, simultaneously 
with, or subsequent to administration of the Immediate Type Hypersensitivity test 
Those individuals exhibiting both a specific Immediate Type Hypersensitivity 
reaction and a specific Delayed Type Hypersensitivity reaction are administered a 
therapeutically effective amount of a therapeutic composition comprising the 
modified form of the protein allergen or portion thereof, the recombinantly produced 
protein allergen, or the recombitope peptide derived from a protein allergen, and a 
pharmaceutical^ acceptable carrier or diluent since it is believed that administering 
to an individual such a therapeutic composition will serve to desensitize the 
individual to the protein allergen. 

Recombitope peptides derived from protein antigens and having human T cell 
stimulating activity can also be used in other methods of determining in individuals 
the presence of immunoglobulin specific for a protein antigen and the ability of T 
cells of the individuals to be stimulated by T cell epitope(s) of the protein antigen. 
One such method comprises combining a first blood sample obtained from an 
individual or at least one portion of the sample with the protein antigen, a modified 
form of the protein antigen, or a portion of either, each of which binds 
immunoglobulin specific for the protein antigen. The sample and antigen are 
combined under conditions appropriate for binding of blood components, e.g., 
immunoglobulin, in the sample or portion thereof with the protein antigen, modified 
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protein antigen or portion of either of the antigens. If binding occurs, a second blood 
sample obtained from the individual or a second portion of the original sample is 
combined with a recombitope peptide comprising at least two regions derived from 
the protein antigen, a modified form of the protein antigen or a portion thereof, or the 
protein antigen produced iecombinantly, each of which has human T cell stimulating 
activity and each of which preferably does not bind immunoglobulin specific for the 
protein antigen in a substantial percentage of the population of individuals sensitive 
to the antigen (e.g., at least about 75%), in order to determine whether T cell 
stimulation occurs. If T cell stimulation occurs, the individual is preferably 
administered a therapeutically effective amount of a therapeutic composition 
comprising the modified form of the protein antigen or a portion thereof, the 
recombinantly produced protein antigen, or the recombitope peptide, and a 
pharmaceutically acceptable carrier or diluent, since it is believed that administering 
to an individual such a therapeutic composition will desensitize the individual to the 
protein antigen. 

Methods for designing recombitope peptides of the invention are also 
provided where the protein antigen to which the individual is sensitive has unknown 
or ill-defined T cell epitopes (e.g., some or all of the peptide regions of the protein 
antigen which have human T cell stimulating activity to the protein antigen have not 
been defined by standard T cell biology techniques, e.g., Current Protocols in 
Immunology , edited by Coligan, J.E. et al., volume 1, (1991), or the precise human T 
cell epitopes of the protein antigen have not been defined by fine mapping 
techniques). According to one method, the known protein structure of an allergen or 
other protein antigen is reviewed and the allergen or other antigen is theoretically 
divided into at least two peptide regions of desired lengths. By theoretically is meant 
something that does not actually take place but rather a thought process, e.g., occurs 
on paper or in one's head. This division can be arbitrary, can be made according to 
an algorithm, or can be wholly or partially based on regions of the protein antigen 
known to have T cell stimulating activity, preferably human T cell stimulating 
activity. When just a few regions of a protein antigen which have T cell stimulating 
activity are known or when all the regions of the protein antigen which have human T 
cell stimulating activity are unknown, preferably, at least 50% and more preferably, 
the entire protein is divided into peptide regions of desired lengths. The peptide 
regions are then theoretically arranged to form at least one recombitope peptide in 
which the regions are rearranged in a noncontiguous order. Subsequently, at least 
one recombitope peptide having a rearranged configuration is produced and the 
ability of the recombitope peptide to stimulate human T cells is determined. In a 
further embodiment, the ability of a recombitope peptide found to have human T cell 
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stimulating activity is tested to determine its ability to bind immunoglobulin specific 
for the allergen or other antigen, or is tested for the absence of another undesired 
property (e.g., protease activity). 

ftnV.f Description of the Drawings 

Fig, 1 is the nucleic acid sequence and deduced amino acid sequence of chain 

1 of the human T Cell Reactive Feline Protein (TRFP) including leader sequences A 
andB. 

Fig. 2 is the nucleic acid sequence and deduced amino acid sequence of chain 

2 of TRFP including a leader sequence. 

Fig. 3 is a graphic representation depicting the response of T cells isolated 
from cat-allergic patients and primed with affinity-purified TRFP to overlapping 
TRFP peptides analyzed by the ranked sum of peptide responses. 

Fig. 4 is the amino acid sequences of peptide X, peptide Y, peptide Z, peptide 
A and peptide B of TRFP, each of which contains at least one T cell epitope of 
TRFP. 

Fig. 5 is a schematic representation of the construction of a recombitope 
peptide YZX using polymerase chain reaction (PCR) techniques. 

Fig, 6 is a schematic representation of the construction of a recombitope 
peptide AYZXB using PCR techniques. 

Fig. 7 is the nucleic acid sequences of oligonucleotides C, D, E, F, G, H, and I 
used in the construction of the recombitope peptide YZX and oligonucleotides J , K, 
L, M, N and O used in the construction of the recombitope peptide AYZXB. 

Fig. 8 is the nucleic acid sequence (utilizing E. coli expression codons) and 
the deduced amino acid sequence comprising recombitope peptide YZX. A thrombin 
cleavage site is shown. 

Fig. 9 is a schematic representation of the construction of a recombitope 
peptide YZX using PCR techniques with cDNA isolated from TRFP as a template. 

Fig. 10 is the nucleic acid sequences of primers used in the construction of 
recombitope peptides XZY, YXZ, and ZXY. 

Fig. 1 1 is a graphic depiction of the amino acid sequence of the individual 
primers used to construct the recombitope peptides XZY, YXZ and ZXY. 

Fig. 12 is a schematic representation of the construction of a recombitope 
peptide derived from phospholipase A2, which has ill-defined T cell epitopes. 

Fig. 13 is a representation of the results of SDS/PAGE Western immunoblot 
analysis detecting the binding of human IgE obtained from a cat allergic individual to 
various protein samples, including recombitope peptides XYZ, XZY, YXZ, YZX, 
• ZXYandZYX. 
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Fig. 14 is a graphic representation of the results of ELISA analysis illustrating 
the binding of human IgE obtained from a cat allergic individual to various protein 
samples, including recombitope peptides XYZ, XZY, YXZ, YZX, ZXY, and ZYX. 

Fig. 15a, 15b and 15c are graphic representations depicting the responses of T 
cell lines from three patients primed in vitro to TRPP, recombitope peptide YXZ, or 
recombitope peptide YZX, and analyzed for response to various peptides. 

Fig. 16 is a graphic representation depicting responses of murine T cells 
immunized with recombitope peptide YZX and analyzed for response in vitro to 
culture with the recombitope peptide YZX as measured by IL-2 production. 

Detailed D escription of the Invention 

The present invention relates to isolated peptides, termed recombitope 
peptides, having T cell stimulating activity, such as induction of T cell proliferation, 
lymphokine secretion and/or T cell anergy/tolerization. Recombitope peptides of the 
invention preferably have human T cell stimulating activity and are useful in 
diagnosing and treating sensitivity in an individual to a protein allergen, autoantigen 
or other protein antigen. In general, preferred recombitope peptides within the scope 
of the invention comprise at least two regions derived from the same or from 
different protein allergens or other protein antigens, each region preferably having 
human T cell stimulating activity as determined by standard T cell biology 
techniques, and thus comprising at least one T cell epitope. In order to determine 
precise T cell epitopes by, for example, fine mapping techniques, the peptide regions 
comprising at least one T cell epitope that have been defined by standard T cell 
biology techniques can be modified by addition or deletion of amino acid residues at 
either the amino or carboxy terminus of the peptide regions and tested to determine a 
change in T cell reactivity to the modified peptide. Furthermore, if two or more 
peptide regions which share an area of overlap are found to have human T cell 
stimulating activity, as determined be standard T cell biology techniques, additional 
peptides can be produced comprising all or a portion of such peptide regions and 
these additional peptides can be tested by the above fine mapping procedure. As a 
result of fine mapping, a set of human T cell epitopes comprising amino acid residues 
essential to T cell recognition can be produced. 

Recombitope peptides of the invention can be produced by recombinant DNA 
techniques in a host cell transformed with a nucleic acid sequence coding for such 
recombitope peptide, or by chemical synthesis, or in certain limited situations by 
chemical cleavage of a protein allergen or other protein antigen. When produced by 
recombinant techniques, host cells transformed with nucleic acid encoding a 
recombitope peptide are cultured in a medium suitable for the cells and recombitope 
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peptides can be purified from cell culture medium, host cells, or both using 
techniques known in the art for purifying peptides or proteins including ion-exchange 
chromatography, isoelectricfocusing, gel filtration chromatography, ultrafiltration, 
electrophoresis or immunopurification with antibodies specific for the recombitope 
peptide, the protein allergen or other antigen from which the recombitope peptide is 
derived, or a portion thereof. Thus, one aspect of this invention provides a 
recombitope peptide produced in a host cell transformed with a nucleic acid sequence 
coding for a recombitope peptide, or the functional equivalent of the nucleic acid 
sequence. Recombitope peptides of the invention are isolated such that the 
recombitope peptide is substantially free of cellular material or culture medium when 
produced by recombinant DNA techniques, or substantially free of chemical 
precursors or other chemicals when synthesized chemically, or obtained by chemical 
cleavage of a protein allergen or other protein antigen. 

To obtain preferred recombitope peptides of the present invention comprising 
at least two T cell epitopes of a protein allergen or other protein antigen or at least 
two regions, each region comprising at least one T cell epitope of a protein allergen 
or other antigen, the T cell epitopes or regions containing T cell epitope(s) are 
arranged in a configuration different from a naturally-occurring configuration of the 
T cell epitopes or regions in the allergen or antigen. For example, the T cell epitopes 
or regions containing T cell epitope(s) can be arranged in a noncontiguous 
configuration and can preferably be derived from the same protein allergen or other 
antigen. Noncontiguous is defined as an arrangement of amino acids comprising T 
cell epitopes or regions containing T cell epitope(s) which is different than that of an 
amino acid sequence present in the protein allergen or other protein antigen from 
which the epitopes or regions are derived. Furthermore, the noncontiguous T cell 
epitopes or regions containing T cell epitopes can be arranged in a nonsequential 
order (e.g., in an order different from the order of the amino acids of the native 
protein allergen or other protein antigen from which the T cell epitopes or region 
containing T cell epitope(s) are derived in which amino acids are arranged from an 
amino terminus to a carboxy terminus.) A preferred recombitope peptide comprises 
at least 15%, more preferably at least 30%, even more preferably at least 50% and 
most preferably up to 100% of the T cell epitopes of a protein allergen or other 
protein antigen. 

In the situation where the T cell epitopes of a protein allergen or other protein 
antigen are unknown or ill-defined (e.g., some or all of the peptide regions of the 
protein antigen which have human T cell stimulating activity have not been defined 
by standard T cell biology techniques or the precise human T cell epitopes of the 
protein antigen have not been defined by fine mapping techniques), a recombitope 
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peptide may be obtained by reviewing the known protein structure of an. allergen or 
other antigen and theoretically dividing the allergen or antigen into at least two 
peptide regions of desired lengths. For example, the protein sequence of the allergen 
or other antigen can be systematically divided into at least two non-overlapping 
peptide regions of desired lengths, or at least two overlapping peptide regions of 
desired lengths and theoretically arranged to form at least one recombitope peptide in 
which the at least two regions are rearranged in a noncontiguous and preferably 
nonsequential order. This division into peptide regions can be arbitrary, can be made 
according to an algorithm, or can be wholly or partially based on regions of the 
protein antigen known to comprise at least one T cell epitope. 

When just a few of the peptide regions of the protein allergen or other protein 
antigen comprising at least one T cell epitope are known or when all the regions of 
the protein allergen or other protein antigens which have human T cell stimulating 
activity are unknown, preferably, at least 50% of the entire protein sequence of the 
protein allergen or other protein antigen and more preferably, the entire protein 
sequence of the protein allergen or other protein antigen is divided and rearranged 
into one or more recombitope peptides. The purpose behind using such a large 
percentage of the protein sequence of the protein antigen in forming the recombitope 
peptide is so that the resultant recombitope peptide comprises at least 15%, more 
preferably at least 30%, even more preferably at least 50%, and most preferably at 
least 100% of the T cell epitopes of the protein antigen. Of course, it the few peptide 
regions of the protein antigen each known to comprise at least one T cell epitope 
constitute the above-stated percentage of the T cell epitopes of the protein antigen 
and such peptide regions do not constitute at least 50% of the entire protein sequence 
of the protein antigen, it is not necessary to use such a large percentage of the entire 
protein sequence in forming the recombitope peptide. According to this method, 
recombitope peptides can then be produced recombinantly or synthetically and the 
ability of the recombitope peptide to stimulate human T cells can be determined. 
When the recombitope peptide comprises regions derived from a protein allergen, the 
individual peptide regions can be produced and tested to determine which regions 
bind immunoglobulin E specific for the allergen and which of such regions would 
cause the release of mediators (e.g. histamine) from mast cells or basophils. Those 
peptide regions found to bind immunoglobulin E and cause the release of mediators 
from mast cells or basophils in greater than approximately 10-15% of the allergic 
sera tested are preferably not included in the peptide regions arranged to form 
recombitope peptides. 

Constructing a recombitope peptide derived from phospholipase A2, a major 

allergen from honeybee venom can be used as an illustrative example of the 
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construction of a recombitope peptide when the protein structure of a protein antigen 
is known, but the T cell epitopes are unknown or ill-defined. Phospholipase A2 is 
composed of 134 amino acids as defined by cDNA cloning (Kuchler, K. et al. EhlL 
Biochem. 184:249-254). This amino acid sequence can be divided into regions, each 
preferably containing 20 to 35 amino acid residues, each region preferably 
overlapping another region by about 10 amino acids (see Fig. 12). Although Fig. 12 
shows the entire protein sequence of the protein divided into regions, the total 
sequence used to form at least one recombitope peptide can be substantially less than 
the entire protein sequence. To maximize the potential of including t cell epitopes in 
the constructed recombitope peptide, areas of overlap and length of each region can 
be designed to maintain the presence of T cell epitopes predicted using algorithms 
(Rothbard, J. and Taylor, W.R. EMBQJ. 7:93-100 (1988); Berzofsky, J.A. PM&l 
Trans K.Snc. Lond. 323:535-544 (1989)). Preferably, human T cell epitopes within 
a protein allergen can be predicted using known HLA class E specific binding 
specific amino acid residues. Furthermore, to minimize the likelihood that the 
constructed recombitope peptide will bind human allergic IgE, the amino acid 
sequence of the resulting recombitope peptide can be made different from that of the 
native structure of phospholipase A2 by scrambling the regions and/or by transposing 
amino terminal regions or carboxy terminal regions to the opposite end of the 
molecule (i.e., amino acid residues located at the amino terminus of the native protein 
can be placed in the carboxy terminus of the recombitope peptide). A similar 
procedure can be utilized to construct a recombitope peptide derived from an 
autoantigen with a known protein structure, but with undefined T cell epitopes such 
as glutamic acid decarboxylase (e.g., Samama, J.P., and Mallet, L jQprafll Qf 
Neurochemistrv 54:703-705 (1990)), insulin f Jnslin's Diabetes Mellitus, 12th Edition, 
Eds. A. Marble et al. r Lea & Febiger, Philadelphia, p. 67 (1985)), , etc. In this 
situation, the peptide regions are arranged in a configuration different from a 
naturally-occurring configuration of the regions in the autoantigen to eliminate an 
undesired property of the autoantigen such as immunoglobulin binding or enzymatic 
activity. 

Recombitope peptides comprising at least two regions derived from an 
allergen or other antigen are tested to determine those recombitope peptides having T 
cell stimulating activity (i.e., proliferation, lymphokine secretion and/or induction of 
T cell anergy/ tolerization) and thus comprise at least one T cell epitope. For 
example, human T cell stimulating activity can be tested by culturing T cells obtained 
from an individual sensitive to a protein allergen or protein antigen (i.e f , an 
individual who has an immune response to the protein allergen or protein antigen) 
with a recombitope peptide derived from the protein allergen or antigen and 
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determining the presence of proliferation by the T cells in response to the 
recombitope peptide. As described in detail in the Examples, stimulation indices for 
responses by T cells to recombitope peptides can be calculated as the maximum CPM 
in response to recombitope peptide divided by the medium control CPM. As used 
throughout this application, human T cell stimulating activity is defined as a 
stimulation index of at least 2.0. A stimulation index of at least 2.0 is considered 
positive for purposes of defining recombitope peptides useful as immunotherapeutic 
agents. Preferred recombitope peptides have a stimulation index of at least 2.5, more 
preferably at least 3.5, and most preferably at least 5.0. 

In addition, preferred recombitope peptides of the invention derived from 
protein allergens do not bind immunoglobulin E (IgE) or bind IgE to a substantially 
lesser extent than the protein allergen(s) from which the peptides are derived binds 
IgE. The major complications of standard immunotherapy are systemic responses 
such as anaphylaxis. Immunoglobulin E is a mediator of anaphylactic reactions 
which result from the binding and cross-linking of antigen to IgE on mast cells or 
basophils and the release of mediators (e.g., histamine, serotonin, eosinophil 
chemotactic factors). Thus, anaphylaxis could be avoided by the use of a 
recombitope peptide which does not bind IgE, or if the recombitope peptide binds 
IgE, such binding does not result in the release of mediators (e.g., histamine, etc.) 
from mast cells or basophils. In addition, recombitope peptides which have minimal 
IgE stimulating activity are particularly desirable for therapeutic effectiveness. 
Minimal IgE stimulating activity refers to IgE production that is less than the amount 
of IgE production and/or IL-4 production stimulated by the whole protein allergen. 

A recombitope peptide of the invention derived from a protein allergen, 
when administered to an individual sensitive to the protein allergen, is capable of 
modifying the allergic response of the individual to the allergen. Particularly, 
recombitope peptides comprising at least two T cell epitopes of a protein allergen or 
at least two regions derived from a protein allergen, each region preferably 
comprising at least one T cell epitope, when administered to an individual sensitive to 
the allergen are capable of modifying T cell response of the individual to the allergen. 
As used herein, modification of the allergic response of an individual sensitive to a 
protein allergen can be defined as non-responsiveness or diminution in symptoms to 
the allergen, as determined by standard clinical procedures (see e.g., Varney et al., 
British Medical Journal 2Q2: 265-269 ( 1990)); 

As a result of the work described herein, recombitope peptides derived from 
protein allergens or other protein antigens and having T cell stimulating activity or 
preferably comprising two regions each having at least one T cell epitope have been 
produced. T cell epitopes are believed to be involved in initiation and perpetuation of 
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the immune response to a protein allergen or other protein antigen which is 
responsible respectively for the clinical symptoms of allergy or other diseases. These 
T cell epitopes are thoughtto trigger early events at the level of the T helper cell by 
binding to an appropriate HLA molecule on the surface of an antigen presenting cell 
and stimulating the relevant T cell subpopulation. These events lead to T cell 
proliferation, lymphokine secretion, local inflammatory reactions, recruitment of 
additional immune cells to the site, and activation of the B cell cascade leading to 
production of antibodies. One isotype of these antibodies, IgE, is fundamentally 
important to the development of allergic symptoms and its production is influenced 
early in the cascade of events, at the level of the Thelper cell, by the nature of the 
lymphokines secreted. A T cell epitope is the basic element or smallest unit of 
recognition by aTcell receptor, where the epitope comprises amino acids essential to 
receptor recognition and may be contiguous and/or non-contiguous in the amino acid 
sequence of the protein. AT cell epitope, as used herein has a stimulation index of at 
least 2.0, more preferably at least 2.5, even more preferably at least 3.5 and most 
preferably at least 5.0. Amino acid sequences which mimic those of the T cell 
epitopes and which modify the allergic response to protein allergens are within the 
; scope of this invention. 

Exposure of patients to recombitope peptides of the present invention derived 
from protein allergens or other protein antigens may tolerize or anergize appropriate 
T cell subpopulations such that they become unresponsive to the protein allergen or 
other antigen and do not participate in stimulating an immune response upon such 
exposure. In addition, administration of a recombitope peptide of the present 
invention derived from a protein allergen may modify the lymphokine secretion 
profile as compared with exposure to the naturally-occurring protein allergen or 
portion thereof (e.g., result in a decrease of BL-4 and/or an increase in IL-2). 
Furthermore, exposure to the recombitope peptide may influence T cell 
subpopulations which normally participate in the response to the allergen such that 
these T cells are drawn away from the site(s) of normal exposure to the allergen (e.g., 
nasal mucosa, skin, and lung) towards the site(s) of therapeutic administration of the 
recombitope peptide. This redistribution of T cell subpopulations may ameliorate or 
reduce the ability of an individual's immune system to stimulate the usual immune 
response at the site of normal exposure to the allergen, resulting in a diminution in 
allergic symptoms. 

Recombitope peptides of the invention preferably comprise at least two T cell 
epitopes (e.g., the recombitope peptide comprises at least approximately eight amino 
acid residues, and preferably at least fifteen amino acid residues). Other recombitope 
peptides of the invention comprise at least two regions derived from the same or from 
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different protein allergens or other protein antigens, said recombitope peptides having 
T cell stimulating activity and each region preferably having human T cell 
stimulating activity and accordingly comprising at least one T cell epitope of a 
protein allergen or other protein antigen. In general, each such region of a 
recombitope peptide comprises at least approximately seven amino acid residues of at 
least one protein allergen. Each such region of a recombitope peptide preferably 
comprise at least two T cell epitopes (e.g., the recombitope peptide comprises at least 
approximately eight amino acid residues and preferably at least fifteen amino acid 
residues). Recombitope peptides of the invention can comprise as many amino acid 
residues as desired and preferably comprise at least about 7, more preferably at least 
about 15, even more preferably at least about 30 and most preferably at least about 40 
amino acid residues of a protein allergen or other protein antigen. A region of a 
recombitope peptide preferably comprises up to 45 amino acid residues in length, 
more preferably up to 40 amino acid residues in length, and most preferably up to 30 
amino acid residues in length, as increases in length of a region of a recombitope 
peptide may result in difficulty in peptide synthesis as well as retention of an 
undesirable property (e.g., immunoglobulin binding or enzymatic activity) due to 
maintenance of conformational similarity between the region and the protein allergen 
or other protein antigen from which it is derived. If desired, the amino acid 
sequences of the regions can be produced and joined by a linker to increase 
sensitivity to processing by antigen-presenting cells. Such linker can be any non- 
epitope amino acid sequence or other appropriate linking or joining agent. 

When recombitope peptides are derived from protein allergens, they can 
comprise at least two regions derived from different protein allergens from the same 
genus, such as: the genus Dermafophagoidfts : the genus Felis : the genus Ambrosia : 
the genus koiiym; the genus Cryptomeria : the genus AJternaria : the genus Alder : the 
genus Betula: the genus Quercus : the genus Olea : the genus Artemisia : the genus 
Pfontago; the genus Parietaria: the genus Canine : the genus Blattella . the genus Apis : 
and the genus Periplansta. In addition, recombitope peptides can comprise at least 
two regions derived from cross-reactive species, for example one region derived from 
P_grroatQphagQi<tes pteronyssinus and one region derived from Dermatophagoides 
ferinae. In another embodiment, the regions can be derived from the same species 
(e.g., one region derived from Derp I and one region derived from Derp II; one 
region derived from Derf I and one region derived from Derf II; one region derived 
from Amfr a I and one region derived from Amba II; one region derived from Lolp I 
and one region derived from Lol p DC; and one region derived from Cry j I and one 
region derived from Qyj II). Furthermore, recombitope peptides can comprise at 
least two regions derived from different protein allergens from the same group, such 
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as one region derived from a group I protein allergen of prr mflWphagWto 
^myssiaas (Lc. to D and one region derived from a group I protein allergen of 
n^«*nph,, f niifc* farinae fi.e.. Der_fD. Alternatively, the regions can be derived 
from different protein allergens from the same family (eg., Amkl I- 1 . AmLa 1.2, 
Amba 1.3, and Amba 1.4). Particularly preferred recombitope peptides for treating 
sensitivity to Felis domesticus are derived from the genus Ms and comprise regions 
selected from peptides X, Y, Z, A and B.ofTRFP, the amino acid sequences of 
each peptide as shown in Fig. 4, and modifications thereof, such as peptide C, which 
is a one amino acid addition to peptide A and is shown in Fig 4. Preferred 
recombitope peptides comprise peptide YZX and peptide AYZXB. Throughout the 
application, the letters X, Y, Z, A, B, and C refer respectively to peptide X, peptide 
Y, peptide Z, peptide A, peptide B. and peptide C and when the letters are used 
together (e.g., YZX), we are referring to a recombitope peptide comprising peptide 
Y, peptide Z and peptide X in the sequential order specified (i.e., YZX refers to a 
recombitope peptide comprising the amino acid sequence of peptide Y followed 
immediately, without any intervening amino acid residues, by the amino acid 
sequence of peptide Z followed immediately, without any intervening amino acid 
residues, by the amino acid sequence of peptide X). The recombitope peptides of the 
invention, e.g., YZX, can comprise additional amino acid residues of either the amino 
or carboxy terminus of the recombitope peptide. 

Recombitope peptides of the invention can be derived from protein antigens 
other than protein allergens where enhancement or depression of an antigen specific 
immune response is desired. For example, regions having human T cell stimulating 
activity of a known autoantigen involved in the pathogenesis of an autoimmune 
disease orT cell epitopes of a known autoantigen can be identified and combined in a 
recombitope peptide to decrease the antibody response to the autoantigen, to interfere 
with efficacy and/or decrease immune complex related side effects. In order to 
preserve the T cell reactivity of the autoantigen, regions of the autoantigen having 
human T cell stimulating activity could be defined by standard T cell biology 
techniques, of if desired, precise T cell epitopes can be defined by fine mapping 
techniques and a recombitope peptide comprising atleast two regions each having 
human T cell stimulating activity and comprising at least one T cell epitope 
produced. For example, if three regions having human T cell stimulating activity or 
three T cell epitopes were found in an autoantigen in a sequential and contiguous 
order 1, 2, 3 from an amino terminus to a carboxy terminus, six possible 
recombitope peptides utilizing each region or each T cell epitope once could be 
produced comprising the three regions or T cell epitopes in various orders (e.g., 213, 
312, 132, 321, 123, 231). These six recombitope peptides could be tested for the 
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ability to stimulate T cell activity and for the absence of an undesired property 
present in the autoantigen, e.g., the inability of the recombitope peptide(s) to bind 
autoantibodies. Alternatively, as described previously, recombitope peptides can be 
constructed from an autoantigen without knowing which regions have T cell 
stimulating activity or what the precise T cell epitopes are. The recombitope peptides 
which stimulate T cells and do not have undesired properties of the autoantigen (e.g., 
do not bind autoantibodies in a substantial percentage of individuals sensitive to the 
autoantigen) are selected for use as immunotherapeutics or diagnostic agents. In the 
form of a therapeutic composition, the recombitope peptide would be delivered in a 
physiologically acceptable vehicle in the absence of adjuvant to allow the 
recombitope peptide to induce antigen specific tolerance to the autoantigen from 
which the recombitope is derived and regulate any potentially damaging immune 
response. Among autoantigens useful in producing recombitope peptides are insulin, 
glutamic acid decarboxylase (64K), PM-1 and carboxypeptidase in diabetes; myelin 
basic protein in multiple sclerosis; rh factor in erythroblastosis fetalis; acetylcholine 
receptors in myasthenia gravis; thyroid receptors in Graves 1 Disease; basement 
membrane proteins in Good Pasture's syndrome; and thyroid proteins in thyroiditis. 
For example, regions having human T cell stimulating activity of myelin basic 
protein (MBP); e.g. a region comprising all or a portion of amino acid residues 84- 
106 and more preferably 84-102 and more preferably 89-101 of human MBP and a 
region comprising all or a portion of amino acid residues 140-172 and more 
preferably 143-168 of human MBP, can comprise a recombitope peptide of the 
invention for use in treating multiple sclerosis. 

Recombitope peptides within the scope of the invention can be used in 
methods of treating and diagnosing sensitivity in an individual to a protein allergen or 
other protein antigen. Thus, one aspect of the invention provides therapeutic 
compositions comprising a recombitope peptide and a pharmaceutical^ acceptable 
carrier or diluent Administration of the therapeutic compositions of the present 
invention to desensitize an individual to a protein allergen or other protein antigen 
can be carried out using known techniques. For example, a recombitope peptide can 
be administered in combination with an appropriate diluent, a carrier, and/or an 
adjuvant, where appropriate. Pharmaceutical^ acceptable diluents include saline and 
aqueous buffer solutions. Pharmaceutical^ acceptable carriers include polyethylene 
glycol (Wie et al., International Archives of Allergy and Applied Immunology £4: 
84-99 (1981)) and liposomes (Strejan et al.. Journal of Neuroimmunnlngy 7: 27 
(1984)). Pharmaceutical^ acceptable adjuvants include alum. Such compositions 
will generally be administered by injection (subcutaneous, intravenous, etc.), oral 
administration (e.g., as in the form of a capsule), inhalation, transdermal application 
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or rectal administration. The therapeutic compositions of the invention are 
administered to individuals sensitive to an allergen or other protein antigen from 
which the recombitope peptide is derived, at dosages and for lengths of time effective 
to reduce sensitivity of the individual to the allergen or other antigen. A 
therapeutically effective amount of one or more of the same or of different 
therapeutic compositions can be administered simultaneously or sequentially to an 
individual sensitive to an allergen or other protein antigen. Effective amounts of the 
therapeutic compositions will vary according to factors such as the degree of 
sensitivity of the individual, the age, sex, and weight of the individual, and the ability 
of the peptides to stimulate a T cell response in the individual. In yet another aspect 
of the present invention, a composition is provided comprising at least two 
recombitope peptides (e.g., a physical mixture of at least two recombitopes), each 
comprising at least two T cell epitopes derived from the same or from different 
protein allergens or other protein antigens. 

The present invention also provides methods of detecting sensitivity in 
individuals to a protein antigen and methods of determining the presence of 
immunoglobulin specific for a protein antigen and the ability of T cells of individuals 
to respond to the antigen. In order to detect sensitivity, a blood sample obtained from 
the individual or at least one portion of the sample is combined with a protein 
antigen, modified form of the protein antigen, or a portion of either antigen, each of 
which binds immunoglobulin specific for the antigen, under conditions appropriate 
for binding of blood components with the antigen, modified antigen or portion 
thereof. A second blood sample obtained from an individual found to have binding 
of blood components with the protein antigen, modified antigen or portion thereof, or 
a second portion of the first blood sample from an individual found to have binding 
of blood components with the protein antigen, modified antigen or portion thereof, is 
combined with a recombitope peptide comprising at least two regions derived from a 
protein antigen, said recombitope peptide having T cell stimulating activity; or a 
recombitope peptide comprising at least two regions derived from a protein antigen, 
each region which has human T cell stimulating activity; or a modified form of the 
protein antigen or a portion thereof; or the protein antigen produced recombinantly, 
each of which does not bind immunoglobulin specific for the protein antigen in a 
substantial percentage of the population of individuals sensitive to the protein antigen 
(e.g., at least about 75%), in order to determine whether T cell stimulation occurs. If 
the protein antigen is a protein allergen, then the modified form of the protein 
allergen or a portion thereof, the recombinantly produced protein allergen, or the 
recombitope peptide derived from the protein allergen does not bind IgE specific for 
• the protein allergen, or if binding of IgE occurs, such binding does not result in 
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release of mediators from mast cells or basophils in a substantial percentage of a 
population of individuals sensitive to the allergen. If the individual is found to have 
binding of blood components to the antigen, modified antigen or portion thereof and 
T cell stimulation in response to the recombitope peptide, modified protein antigen, 
or portion thereof or recombinantly produced protein antigen, then the individual can 
be administered a therapeutically effective amount of a therapeutic composition 
comprising the recombitope peptide, recombinantly produced protein antigen, or the 
modified form of the protein antigen or portion thereof, and a pharmaceutical^ 
acceptable carrier or diluent to desensitize the individual to the protein antigen. 

The present invention also provides methods for detecting specific Delayed 
Type Hypersensitivity in an individual to at least one protein allergen. According to 
the method, an individual is administered a Delayed Type Hypersensitivity test (See 
e.g., Immunolog y (1985) Roitt, I.M., Brostoff, I, Male, D.K. (eds), C.V. Mosby Co., 
Gower Medical Publishing, London, NY, pp. 19.249.18; pp.22. 1-22. 10) utilizing a 
modified form of the protein allergen or other protein antigen or a portion thereof, or 
a protein allergen or other protein antigen produced recombinantly, or a recombitope 
peptide derived from said at least one protein allergen or other protein antigen, each 
of which has human T cell stimulating activity and each of which does not bind 
immunoglobulin specific for the protein allergen or other protein antigen in a 
substantial percentage (e.g., at least about 75%) of individuals sensitive to said 
protein allergen or other protein antigen. If the protein antigen is a protein allergen, 
then the modified form of the protein allergen or a portion thereof, the recombinantly 
produced protein allergen, or the recombitope peptide derived from the protein 
allergen does not bind IgE specific for the protein allergen, or if binding of IgE 
occurs, such binding does not result in release of mediators from mast cells or 
basophils in a substantial percentage of a population of individuals sensitive to the 
allergen. It has been found that recombinant chain 1 of TRFP in a dimeric form has 
markedly reduced IgE binding, but maintains T cell reactivity (i.e„ recombinant 
dimeric chain 1 contains peptides X and Y, both of which are known to contain at 
least one T cell epitope) and that mild alkali treated TRFP has markedly reduced IgE 
binding, but maintains T cell reactivity. Accordingly, recombinant chain 1 of TRFP 
in dimeric form or alkali treated TRFP could be used in the Delayed Type 
Hypersensitivity test described above, or in other diagnostic assays to determine 
sensitivity in an individual to T cell epitope(s) of TRFP and/or they can be used in 
therapeutic compositions to desensitize individuals to TRFP. After administration of 
the Delayed Type Hypersensitivity test, the extent to which a specific Delayed Type 
Hypersensitivity reaction occurs in the individual to the protein allergen or other 
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protein antigen indicating presence in the individual of T cells specific to T cell 
epitope(s) of the protein allergen or other protein antigen is determined. 

ITie present invention further provides methods of detecting and treating 
sensitivity in an individual to at least one protein allergen. The presence m 
individuals of IgE specific for at least one protein allergen and the ability of T cells 
of the individuals to respond to T cell epitope(s) of the protein allergen can be 
determined by administering to the individuals an Immediate Type Hypersensitivity 
test andaDelayed Type Hypersensitivity test The individuals are administered an 
Immediate Type Hypersensitivity test (See e.g., Immunology (1985) Roitt, I.M., 
Brostoff, I, Male, D.K. (eds), C.V. Mosby Co., Gower Medical Publishing, Loudon, 
NY, pp. 19.2-19.18; pp.22. 1-22. 10) utilizing the protein allergen or a portion thereof, 
or a modified form of the protein allergen or a portion thereof, each of which binds 
IgE specific for the allergen. The same individuals are administered a Delayed Type 
Hypersensitivity test prior to, simultaneously with, or subsequent to administration of 
the Immediate Type Hypersensitivity test Of course, if the Immediate Type 
Hypersensitivity testis administered prior to the Delayed Type Hypersensitivity test, 
the Delayed Type Hypersensitivity test would be given to those individuals exhibiting 
a specific Immediate Type Hypersensitivity reaction. The Delayed Type 
Hypersensitivity test utilizes a modified form of the protein allergen or a portion 
thereof, the protein allergen produced recombinantly, or a recombitope peptide 
derived from the protein allergen, each of which has human T cell stimulating 
activity and each of which does not bind IgE specific for the allergen in a substantial 
percentage of the population of individuals sensitive to the allergen (e.g., at least 
about 75%). Those individuals found to have both a specific Immediate Type 
Hypersensitivity reaction and a specific Delayed Type Hypersensitivity reaction are 
administered a therapeutically effective amount of a therapeutic composition. The 
therapeutic composition comprises the modified form of the protein or portion 
thereof, the recombinantly produced protein allergen, or the recombitope peptide, 
each as used in the Delayed Type Hypersensitivity test, and a pharmaceutically 
acceptable carrier or diluent 

It is also possible to modify the structure of recombitope peptides for such 
purposes as increasing solubility, enhancing therapeutic or preventive efficacy, or 
stability (e.g., shelf life ex vivo, and resistance to proteolytic degradation in vivo) . 
A modified recombitope peptide can be produced in which the amino acid sequence 
has been altered, such as by amino acid substitution, deletion, or addition, to modify 
immunogenicity and/or reduce allergenicity, or to which a component has been added 
for the same purpose. For example, the amino acid residues essential to T cell 
epitope function can be determined using known techniques (e.g., substitution of each 
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residue and determination of presence or absence of T cell reactivity). Those 
residues shown to be essential can be modified (e.g., replaced by another amino acid 
whose presence is shown to enhance T cell reactivity), as can those which are not 
required for T cell reactivity (e.g., by being replaced by another amino acid whose 
incorporation enhances T cell reactivity but does not diminish binding to relevant 
MHC). Another example of a modification of recombitope peptides is substitution of 
cysteine residues preferably with alanine, or glutamic acid, or alternatively with 
serine or threonine to minimize dimerization via disulfide linkages. In order to 
enhance stability and/or reactivity, recombitope peptides can also be modified to 
incorporate one or more polymorphisms in the amino acid sequence of a protein 
allergen resulting from natural allelic variation. Additionally, D-amino acids, non- 
natural amino acids or non-amino acid analogues can be substituted or added to 
produce a modified peptide within the scope of this invention. Furthermore, 
recombitope peptides can be modified using the polyethylene glycol (PEG) method 
of A. Sehon and co-workers (Wie et al. supra ) to produce a peptide conjugated with 
PEG. Modifications of recombitope peptides can also include reduction/alkylation 
(Tarr in: Methods of Protein Microcharacterization . J.E. Silver ed. Humana Press, 
Clifton, NJ, pp 155-194 (1986)); acylation (Tarr, supra) : esterification (Tarr, supra); 
chemical coupling to an appropriate carrier (Mishell and Shiigi, eds, Sstectefl 
Methods in Cellular Immunology . WH Freeman, San Francisco, CA (1980); U.S. 
Patent 4,939,239); or mild formalin treatment (Marsh International Archives of 
Allergy and Applied Immunology 41: 199-215(1971)). 

To facilitate purification and potentially increase solubility of recombitope 
peptides, it is possible to add reporter group(s) to the peptide backbone. For 
example, poly-histidine can be added to a recombitope peptide to purify the 
recombitope peptide on immobilized metal ion affinity chromatography (Hochuli, E. 
et al., Bio/Technolog v. 6:1321-1235 (1988)). In addition, specific endoprotease 
cleavage sites can be introduced, if desired, between a reporter group and amino acid 
sequences of a recombitope peptide to facilitate isolation of recombitope peptides 
free of irrelevant sequences. In order to successfully desensitize an individual to a 
protein antigen, it may be necessary to increase the solubility of a recombitope 
peptide by adding functional groups to the peptide or by not including hydrophobic T 
cell epitopes or regions containing hydrophobic epitopes in the recombitope peptides. 

To potentially aid proper antigen processing of T cell epitopes within a 
recombitope peptide, canonical protease sensitive sites can be recombinantly or 
synthetically engineered between regions, each comprising at least one T cell epitope. 
For example, charged amino acid pairs, such as KK or RR, can be introduced 
between regions within a recombitope peptide during recombinant construction of .the 
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recombitope peptide. The resulting recorabitope peptide can be rendered sensitive to 
cathepsin and/or other trypsin-like enzymes cleavage to generate portions of the 
recombitope peptide containing one or more T ceU epitopes. In addition, such 
charged amino acid residues, can result in an increase in solubility of a recombitope 
peptide. 

Site-directed mutagenesis of DNA encoding a recombitope peptide can be 
used to modify the structure of the recombitope peptide. Such methods may involve 
PCR (Ho et al., Qen£22:51-59 (1989)) or total synthesis of mutated genes 
(HrrtnnrlT ry «i jwfrMi, Rinphvs. Res. Comm. ±61:1056-1063(1989)). To 
enhance bacterial expression, the aforementioned methods can be used in conjunction 
with other procedures to change the eucaryotic codons in DNA constructs encoding 
recombitope peptides to ones preferentially used in B r cofi. 

The present invention also provides nucleic acid sequences coding for 
recombitope peptides of the invention. Nucleic acid sequences used in any 
embodiment of this invention can be cDNA as described herein, or alternatively, can 
be any oligodeoxynucleotide sequence having all or a portion of a sequence 
represented herein, or their functional equivalents. Such oligodeoxynucleotide 
sequences can be produced chemically or mechanically, using known techniques. A 
functional equivalent of an oligonucleotide sequence is one which is 1) a sequence 
capable of hybridizing to a complementary oligonucleotide to which the 
oligonucleotide sequence (or corresponding sequence portions) or fragments thereof 
hybridizes, or 2) the sequence (or corresponding sequence portion) complementary to 
the oligonucleotide sequence and/or 3) a sequence which encodes a product (e.g., a 
protein, a polypeptide or a peptide) having the same functional characteristics of the 
product encoded by the oligonucleotide sequence (or corresponding sequence 
portion). Whether a functional equivalent must meet one or more criteria will depend 
on its use (e.g., if it is to be used only as a probe for hybridization, it need meet only 
the first or second criteria and if it is to be used to produce a peptide of the present 
invention, it need only meet the third criterion). 

As described in the Examples which follow, chains 1 and 2 of the human T 
cell Reactive Feline Protein (TRFP) (Figs. 1 and 2) have been recombinantly 
expressed in & cjjli and purified. T cell epitope studies using overlapping peptide 
regions derived from the TRFP amino acid sequence were used to identify multiple T 
cell epitopes in each chain of TRFP. As described in detail in Example 2, DNA 
constructs were assembled in which three regions (designated peptide X, peptide Y 
and peptide Z), each containing at least one major human T cell epitope of TRFP 
were linked in six possible combinations to produce six DNA constructs encoding 
recombitope peptides comprising the three regions in six different configurations. 
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Since peptide X shares 5 amino acids at its carboxy terminus with 5 amino acids at 
the amino terminus of peptide Y, recombitope peptides XYZ and ZXY could have 
been constructed with or without duplication of said 5 amino acids (See Fig. 1 1 
where ZXY is constructed without duplication of the 5 amino acid sequence). In the 
following Examples, the recombitope peptides were assembled contiguously, without 
duplication of the 5 amino acid sequence. In addition to the three regions X, Y and 
Z, other regions, each containing at least one human T cell epitope, could also be 
included in the recombitope peptides and DNA constructs having four or more 
regions (of N! configurations, where N= the number of regions) produced. 
Alternatively, one or more regions can be substituted for peptide X, peptide Y, or 
peptide Z, such as peptide A or B as shown in Fig. 4, to produce for example 
recombitope peptide AXY. 

Detailed protocols are described for the cleavage and removal of extraneous 
sequences added to recombitope peptides as an aid to purification. Purified 
recombitope peptides have been examined for the binding of human cat-allergic 
patients 1 IgE on Western blots and compared to IgE binding of recombinant chains 1 
and 2 of TRFP. An ELIS A was performed to examine allergic IgE binding to 
recombitope peptides relative to native TRFP, recombinant chain 1, and recombinant 
chain 2. The work described herein demonstrates that recombitope peptides of the 
present invention have T cell stimulating activity even though their epitope 
configuration generally differs from that found in the native TRFP protein sequence. 
Furthermore, use of the recombitope peptides as prophylactic agents has been shown 
to render mice unresponsive upon antigen challenge with native TRFP, recombinant 
chain 1, or chain 2 of TRFP, or the recombitope peptide used. 

This invention is further illustrated by the following non-limiting examples. 

Example I T Cell Epitope Studies with Overlapping TRFP Peptides 

Peripheral blood mononuclear cells (PBMC) were purified by Ficoll-Hypaque 
centrifugation of 60 ml of heparinized peripheral blood from cat-allergic patients, 
who exhibited clinical symptoms of cat allergy and who were skin test positive with 
cat extract Ten million PBMC from an individual patient were cultured in 10 ml 
RPMI-1640 (Gibco) containing 5% pooled human AB serum and supplemented with 
glutamine, penicillin, streptomycin and HEPES buffer (complete RPMI-1640) in the 
presence of 20 jig native affinity-purified TRFP/ml of culture at 37°C for 7 days. 
Viable cells were then purified by Ficoll-Hypaque centrifugation and cultured for 2 
additional weeks in complete RPMI-1640 containing 5 units recombinant human IL- 
2/ml and 5 units recombinant human IL-4/ml. The resting T cells resulting from the 
culture were then tested in a secondary proliferation assay using a 96 well microtiter 
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plate to assess T cell responses to the various TRFP peptides or proteins (TRFP 
antigens) as shown in Fig. 3 . For assay, 2 X 10 4 resting T cells were cultured in 
complete RPMI-1640 for 3 days at 37°C in the presence of 5 X 10 4 autologous 
PBMC (3500 Rads) as antigen presenting cells with a various concentration of one of 
the TRFP antigens in each well in the amount of 200 ul per well. Each well then 
received 1 uCt tritiated thymidine for 16 hours. The counts incorporated were 
collected onto glass fiber filters and processed for liquid scintillation counting. The 
stimulation indices for responses to each peptide were then calculated as the 
maximum CPM in response to antigen divided by the medium control CPM. A 
stimulation index of 2.5 was considered to be a positive T cell response. (As used 
throughout this application, human T cell stimulating activity is defined as a 
stimulation index of at least 2.0. However, the stimulation index of the T cell 
epitopes or regions to be used in producing a recombitope of the invention is at least 
2.0, preferably at least 2.5, more preferably at least 3.5 and most preferably at least 
5.0.) A summary of the results of 34 such experiments is shown in Fig. 3. The top 
five peptide responses to the overlapping set of TRFP peptides covering chain 1 and 
chain 2 of TRFP by the T cell line derived from each patient were ranked, assigning 
the highest positive response a 5, the next highest positive a 4, and so on. The sum of 
the ranks obtained for each peptide was then calculated and is displayed on the 
histogram in Fig. 3. This type of analysis highlights the relative importance of 
different regions of the TRFP molecule in the T cell response to the intact protein. 
The results indicate that the major regions of T cell reactivity in this panel of patients 
are encompassed Cm order of importance) by Fel-14.2 (chain 1, amino acid residues 
29-42), Fel-3.1 (chain 1, amino acid residues 18-32), Fel-2 (chain 1, amino acid 
residues 9-25), Fel-21 (chain 1, amino acid residues 56-70), FeI-29 (chain 1, amino 
acid residues 56-70), Fel-1.2 (chain 1, amino acid residues 1-17), Fel-4 (chain 1, 
amino acid residues 37-55), Fel-18 (chain 2, amino acid residues 23-48), Fel-25 
(chain 2, amino acid residues 49-68) Fel-16 (chain 2, amino acid residues 1-22) and 
Fel 23 (chain 1, amino acid residues 51-66). A set of peptides was then designed to 
cover these regions. Portions of Fel-1.2, Fel-2, Fel-3.I and Fel-14.2 comprise 
peptide X (chain 1, amino acid residues 7-33). Portions of Fel-3. 1, Fel-14.2, and Fel- 
4 comprise peptide Y (chain 1, amino acid residues 29-55) . Portions of Fel-16, Fel- 
17 and Fel-18 comprise peptide Z (chain 2, amino acid residues 14-39). Portions of 
Fel-4, Fel 21 and Fel-23 comprise peptide A. Portions of Fel-29 comprise peptide 
B. Peptides X, Y, Z, A and B are shown in Fig. 4. 



Example 2 



Construction and Expression of Reco mbitope Peptides 
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PGR methods (Polymerase Chain Reaction) using synthetic oligonucleotides 
were used to construct DNAs encoding the sequences of peptides X, Y, and Z. With 
the aim of enhancing expression in E. coli, the codons in the oligonucleotides were 
selected from a table of those prevalent in highly expressed E. coli proteins. Sharp, 
P. M. t et aU Nucl. Acids Res . 16:8207 (1988). The oligonucleotides and PCR 
procedures used to construct recombitope peptides are described in detail below. 

Oligonucleotides were designed with £. coli preferred codons as 
schematically represented in Figs. 5 and 6. These oligonucleotides 
(C,D,E,F,G,HJ,J,KX,M,N and O shown in Fig. 7), were amplified using a Perkin 
Elmer/Cetus GeneAmp kit, in two separate PCR reactions (PCR#1 and PCR#2, 
respectively wherein PCR #1 resulted in the synthesis of the 5* portion of the DNA 
molecule encoding the recombitope peptide and PCR #2 resulted in the synthesis of 
the 3 1 portion of the DNA molecule encoding the recombitope peptide). This 
approach was taken due to the presence of a sequence (KALPV) in both peptide X 
and peptide Y that was found to interfere in the proper PCR generation of 
recombitope YZX when a single PCR reaction was performed with oligonucleotides 
(C-I). In producing recombitope peptide AYZXB, as shown in Fig. 6, the 
oligonucleotides used in PCR #1 were N,J,K, and C-I and the oligonucleotides used 
in PCR #2 were C-I and L,M,0. In producing recombitope peptide YZX, as shown 
in Fig. 5, the oligonucleotides used in PCR #1 were C £> E and F, whereas the 
oligonucleotides used in PCR #2 were F, G, H and I. Each reaction mixture (10 (ig) 
generated the 5' half and 3' half respectively, of the intended YZX structure (Fig. 5). 
These PCR mixtures, after the addition of Taq polymerase, were subjected to the 
following program with cycles of denaturation, annealing and polymerization: 



STEP# 


TEMPERATURE 


TIME 


1 


94°C 


1 MINUTE 


2 


50°C 


1.5 MINUTES 


3 


75°C 


2 MINUTES 


4 


REPEAT STEPS 1-3 (4 TIMES) 




5 


94°C 


1 MINUTE 


6 


60°C 


1.5 MINUTE 


7 


75°C 


2 MINUTES 


8 


REPEAT STEPS 5-7 (20 TIMES) 




9 


HOLD AT 4°C 





After completion of the PCR#1 and PCR#2 reactions in the construction of 
the YZX structure, aliquots from each (100 p moles of the 10 \ig total reaction 
mixture; 1/100 volume) were added to a third PCR reaction mixture containing a set 
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of 5' and 3' primers (100 p mole of primers C and I). A third PCR reaction (PCR #3) 

was performed utilizing this third PCR reaction mixture as previously described for 

PCR reactions #1 and #2 except that the annealing temperature in Step 6 was raised 

to 65°C. The completion of PCR#3 produced the DNA encoding recombitope 

peptide YZX. The PCR#3 reaction method is similar to that described in Horton, R. 

M.,efaZ. Qene 77:61 (1989). The whole reaction mixture'used in PCR#3 was 

fractionated on a 2% agarose gel and the appropriate sized band (230 bp) was 

electroeluted from the gel slice and precipitated. The isolated DNA encoding 

recombitope peptide YZX was subjected to another PCR reaction using excess 5' and 

3' amplification primers (C and I). This final product was digested with the 

restriction enzymes BamH I and then cloned into the vector pETl Id under the 

transcriptional control of the phage T7 gn 10 lac 0 fusion promoter. Studier, F. W., 

etal Me^j^m Enzyme!. 185:60 (1990). 

A polylinker encoding six sequential histidines, (CAC)6, was cloned in-frame 

onto the 5' end of the DNA encoding recombitope peptide YZX. The six histidine 
(H6 or His6) leader sequence allowed purification of the expressed recombitope 
peptide using QIAGEN NTA-Agarose (Diagen Gmbh, Dusseldorf, Germany), aNi 2+ 
chelating support. Hochuli. E., etal., BioTechnology &1321 (1988). DNA 
encoding site-specific enzymatic cleavage sites (e.g., Thrombin, Factor X a , etc) can 
be inserted using PCR methods between the polyhistidine encoding (H6) sequence 
and the DNA encoding the recombitope peptide backbone. In the case of 
recombitope peptide YZX, a thrombin recognition site (LVPRGS) was inserted. 
Uhlen, M., and Moks, T. Me.thnHs in HnTymol. 185:129 (1990), Chang, J.-Y. EurJ, 
Biochem. 111:217 (1985). 

A similar procedure to that described above to construct DNA encoding the 
recombitope peptide YZX was used to construct DNA encoding the recombitope 
peptides XYZ and ZYX. In addition, other peptides containing T cell epitopes can 
be added to an existing recombitope backbone structure such as YZX (as produced 
above) as was the case with the construction of recombitope peptide AYZXB (see 
Figs. 6 and 7). Alternatively, peptides containing T cell epitopes can be produced 
without the use of an existing recombitope backbone using methods outlined herein. 
To produce recombitope peptide AYZXB, oligonucleotide primers (J-M) with 
overlapping regions to each end of recombitope peptide YZX and a 5' and 3' 
amplification primer (N and O) were produced. (As shown in Fig. 6, the darkened 
part of the molecule is the overlapping sequence). PCR reactions were performed as 
described above. The resulting AYZXB fragment was isolated and subcloned into 
the pET 1 IDHg TH vector. 
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An alternative procedure was used to construct the DN A encoding 
recombitope peptides XZY, YXZ, and ZXY. Each of the DNA constructs encoding 
recombitope peptides XZY, YXZ and ZXY were ligated at the codon encoding the 
most N- terminal amino acid of the recombitope peptide with DNA encoding the 
leader sequence MGHHHHHHEF (where amino acids EF are encoded by the Eco RI 
restriction site GAATTC). DNA segments encoding the three recombitope peptides 
were assembled via consecutive PCR essentially as described by Horton et al, (1989) 
Gene 22: 61-68. The DNA segments encoding peptides X, Y, and Z (shown in Fig. 
4) were amplified from the Fel d I cDNAs described in Morgenstern et al, (1991) 
Proc. Natl. Acad. Sci. U.S.A. 88: 9690-9694. As shown in Fig. 9, which shows as a 
specific example the construction of the recombitope peptide XZY coding sequence, 
oligonucleotide primers were synthesized with a DNA sequence that would not only 
amplify a specific DNA segment encoding peptide X, Y or Z, but would also 
covalently link a small segment (9-18 base pairs) of the DNA segment encoding the 
adjacent peptide X, Y, or Z. PCR was performed using Vent™ polymerase 
according to New England Biolabs' instructions with an amplification program of 30 
X [94°C 1 min,/60°C 1 min. 30 sec./72°C 1 min.]. The primers used for PCR 
amplifications are shown in Fig. 10. Individual recombitope peptide encoding/linker 
DNA fragments from PCR amplifications were purified by preparative gel 
electrophoresis in 3% (wt/vol.) NuSieve (FMC) agarose. These individual PCR 
fragments were then linked in a second PCR reaction to form a DNA construct 
encoding XZY as shown in Figs. 9 and 1 1. In order to link these PCR fragments, 3% 
NuSieve gel slices containing the initial PCR products were melted at 70°C, and 1 |il 
of each were added to a Vent™ PCR polymerase reaction which employed the 5' RI 
(NH2-terminal) and 3' Bam (COOH-terminal) primers. 

Because of the restriction sites present in the expression vector, pETlld 
(Studier £LaL 1990) , all extreme 5* primers had EcoR I encoding sites [GAATTC] in 
frame with the DNA encoding the NH2-terminal amino acids of the particular 

recombitope, while the ends of the extreme 3' primers had BamH I encoding sites 
[GGATCCJ. DNA constructs encoding recombitope peptides XZY, YXZ, and ZXY 
produced from the secondary PCR were EcoR I/BamH I digested and electrophoresed 
through a 0.5 (wt./vol.) SeaPlaque (FMC) agarose gel. Gel slices containing the 
DNA constructs were melted at 70°C and added to a ligation reaction with EcoR 
I/BamH I digested Bluescript KS plasmid (Stratagene). The ligation was transformed 
into competent XL-1 Blue bacteria (Stratagene), and recombinant plasmids with 
inserts identified by diagnostic restriction digests after isolation using Qiatop kit 
(Diagen GmbH). The sequence of inserts was verified by dideoxy chain-termination 
sequence analysis using a Sequenase II kit (United States Biochemicals). 
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BluescriptKS plasmids harboring DNA constructs encoding recombitope 
peptides XZY, YXZ and ZXY inserts with correct nucleotide sequence were EcoR 
I/BamH I digested and the DNA constructs isolated from a 0.6% SeaPlaque gel for 
subcloning into the expression vector pETl 1 d in frame with the DNA encoding the 
NH2-terminal leader MGHHHHHHEF as mentioned above. The constructs were 
subcloned into the EcoR I/BamHI digested P ETlldHis6 Amb all HR. This 
ligation served to exchange the DNA construct for an insert, in this case the cDNA of 
the major ragweed allergen, Amb a 1.1 (Rafnar et ah, (1991) I , Bipl, Chem, 
226:1229-1236) . pETl Id His Amb a LI AHR was derived from pET 1 Id in two 
steps. First pETlld was Eco RI/HinD m digested, blunted with Klenow fragment of 
E. coli DNA polymerase, and ligated back to itself to create pETl Id AHR: a pETl Id 
plasmid lacking Hind IE and EcoR I sites. Then pETlld His6Am& a 1.1 AHR was 
formed by excising the E6Amb aL 1 cassette from the expression vector pETl Id 
EissAmb all as an Nco I/BamH I fragment and ligating it into Nco I/BamH I 
digested pETl Id AHR. Recombinant plasmids were identified by diagnostic 
restriction digests after isolation via a Qiatip kit, and positive plasmids transformed 
into competent BL21 [DE3] bacteria for expression. BL2I [DE3] contains a 
recombinantphage 1 lysogen, DE3, with a phage T7 RNA polymerase gene under the 
transcriptional control of the lac UV5 promoter. T7 RNA polymerase gene 
expression is induced by the addition of IPTG, which in turn leads to high level 
expression of the recombinant gene subcloned 3' of the pET vector's T7 gn 10 lac 0 

fusion promoter. . 

PCR-derived DNA fragments encoding (Hg) fusions of mature chains 1 and 2 

of TRFP subcloned into pSEM (U.S.S.N. 662,276 filed February 28, 1991) were 
excised and ligated into pETlld. This was achieved by attaching Bel I linkers to the 
Pst I sites at the 3' ends of the two chains, Nco I digesting at the 5' end of the chains 
and inserting the 5' Nco 1/3' Bel I fragment into 5"Nco F3*BamH I digested pETl Id. 

The recombinant peptide chains 1 and 2 of TRFP as well as the recombitope 
peptides XYZ, XZY, YZX, ZYX, ZXY and YXZ were expressed in E. coli and 
purified essentially as outlined below. BL21 DE3 host bacteria harboring the 
pETlld expression DNA constructs were freshly streaked onto a BHI agar plate 
(3.7% wt/vol. Difco Brain Heart Infusion; 1.5% wt7vol. Difco agar) supplemented 
with 200 ug/ml ampicillin and incubated overnight at 37°C. A single colony was 
inoculated into a 2 ml of 200 ug/ml ampicillin/BHI media (3.7% wt./vol. Difco Brain 
Heart Infusion) and shaken at 300 rpm at 37°C until turbid but not saturated. The 2 
ml culture was then added to 100 ml of 200 ug/ml ampicillin/BHI media, shaken at 
300 rpm at 37°C until turbid but not saturated, at which point the culture was divided 
into 18 X 250 ml (4.5 liters) of 200 ug/ml ampicillin/BHI media and shaken at 300 
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rpm at 37°C When the OD595 of the culture reached 1 .0, expression of the 
recombinant peptides as (His)6 fusion peptides was induced by the addition of IPTG 
to 400 |xM, and allowed to continue for two hours. 

Bacteria were harvested by centrifugation at 10,000 X g for 15 minutes, and 
resuspended in 1/50^ volume 6 M guanidine HC1, 100 mM 2-mercaptoethanol, 100 
mM NaP04, 10 mM Tris at pH 8.0. Recombinant chain 1 and chain 2 and 
recombitope peptides (recombinant peptides) were extracted by vigorous shaking of 
the resuspended bacteria for 1 hour at 25°C. This suspension was subjected to 
centrifugation at 15,000 X g, the supernatant removed, adjusted to pH 8.0 with 10 N 
NaOH, and applied to an NTA agarose column that had been equilibrated in 6 M 
guanidine HC1, 100 mM NaP04, 10 mM Tris at pH 8.0 until the OD28O of the 
effluent reached background. The column buffer was then switched to 8 M urea, 100 
mM NaP04, 10 mM Tris at pH 8.0. After equilibration, a more stringent wash was 
performed in 8 M urea 100 mM NaOAc, 10 mM Tris pH 6.3 until the OD28O of the 
effluent reached background. Each recombinant peptide (as an Hisg fusion) was then 

eluted in 8M urea 100 mM NaOAc, 10 mM Tris at pH 4.5 and collected in aliquots 
whose OD280 profile was monitored. The peptide peak was dialyzed 3 times into 

500 volumes of PBS (Phosphate Buffered Saline) for analysis. Yield ranged from 2 
to 25 mg of recombinant peptide (Hisg) fusion per liter with purity (as determined by 

densitometric scanning of SDS polyacrylamide gels) generally exceeding 90%. 

The recombinant peptides (TRFP chain 1, TRFP chain 2, XYZ, YZX 
and ZYX) outlined above all possess an N-terminal sequence added as an aid to 
purification and expression (e.g., MGHHHHHHL VPRGS-) . This irrelevant N- 
terminal sequence can be removed by proteolytic digestion since the sequence 
contains a thrombin recognition site (LVPRGS) inserted between the polyhistidine 
sequence and the recombitope sequence. (See Fig. 8, the arrow indicates the 
thrombin cleavage site.) Thrombin was used to cleave the irrelevant sequence leaving 
only two extra amino acid residues, GS, on the N-terminus of the TRFP chains 1 and 
2 and the recombitope peptides XYZ, YZX and ZYX (Chang, L-Y. Eur. Biochem. 
151:217-224 (1985)). Efficient cleavage of the fusion protein can be achieved by 
using a protein to thrombin ratio of 1000 to 1 for 2 hours at 25°C. The cleavage and 
purification scheme used to construct recombitope peptide YZX is outlined below: 

1) recombitope peptide MGHHHHHHLVPRGS - YZX 

2) Dialyze into PBS, pH 8.0 



3) 



Thrombin cleavage 
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peptide: thrombin = 1000:1 
25°C, 2 hours 

4) Reduction with lOOmM dithiothreitol 
in 5M guanidine HCL 

37°C, 30 minutes 

5) C4 Reverse phase HPLC, pH 2.0 

6) Lyophilization 

Analytical reverse-phase HPLC was performed on a VYDAC 214 TP54 
column with a 42ml bed volume. The column was loaded with 340 ug of 
recombitope peptide YZX. Semi-preparative HPLC was performed using a VYDAC 
214 TP 1022 column with a 95 ml bed volume loaded with 90 mg of protein. The 
gradient started with 0% to 30% acetonitrile containing 0.1% trifluoroacetic acid over 
the first 10 minutes followed by 30% to 43% acetonitrile over 15 minutes. The 
mobile phase was then held at 43% acetonitrile for 10 minutes. The purified 
recombitope peptide YZX eluted at 43% acetonitrile. The cleavage and purification 
were monitored by SDS-PAGE. The identification and purity of the recombitope 
peptide YZX was determined by protein sequence analysis using an Applied 
Biosystem Inc. Protein Sequenator Model 477 A. 

Example 3 Hirert Binding A ssay nf TgE to TRFP Proteins and Rpcpmbitppes 

Western immunoblot analysis of the recombitope peptides produced in 
Example 2 was performed. The concentration of all protein samples (e.g., TRFP, 
recombinant chain 1 of TRFP, recombinant chain 2 of TRFP, recombitope peptide 
XYZ, recombitope peptide XZY, recombitope peptide YXZ, recombitope peptide 
YZX, recombitope peptide ZXY and recombitope peptide ZYX) for gel 
electrophoresis was determined by the BCA method (Pierce Co.). All protein 
samples were loaded on the gel at 5 ng/lane except TRFP at 10 ng/lane. Protein 
separation was carried out on a 15% acrylamide gel, and transfer was performed by 
electroblotting at 1.5 Amps for 1.5 hours onto nitrocellulose paper (Schleicher and 
Schuell, 0.1 microns) in a Hoeffer apparatus according to the protocol of Towbin, H., 
T. Stachlin, and J. Gordon, ENAS. 76:4350 (1979). Proteins were rinsed in blot 
solution (25 mM Tris-HCl 7.5, 0.171 M NaCl and 0.5 ml/liter Tween 20). The blot 
was then blocked for one hour in blocking solution (1% milk in blot solution). 
Plasma from patient #417, used as a primary antibody source, was diluted in blocking 
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solution to 10% and preabsorbed for 1.5 hours with unused nitrocellulose 
(2cmxl5cm). The prepared human plasma was then incubated overnight on an 
orbital shaker with the protein blot section of interest. Following the first antibody 
incubation the blot section was washed three times, each wash involved a fifteen 
minute incubation in blot solution. The second antibody, specific for human IgE 
(biotinylated goat anti-human IgE, KPL Inc.), was diluted 1:2500 in blot solution and 
the incubation proceeded for two hours. Excess second antibody was subsequently 
removed by three 15 minute incubations with blot solution. 12 5l Iodinated 
streptavidin (Amersham) was diluted 1 :2500 in blot solution and incubated with blots 
for 1 hour, at 2 ^Ci in a 50 ml incubation volume. Blot sections were then washed 
with blot solution until the detectable radioactivity in the waste solution decreased to 
background levels. The blot section was then wrapped in saran wrap and exposed to 
film overnight with a cronex intensifying screen at -80°C. The IgE binding pattern 
shown in Fig. 13 demonstrates reactivity to affinity purified TRFP (lane 1) chain 1, 6 
KD in molecular weight and chain 2, ^16 KD. The recombinant chain 1 shows 
strong IgE binding (lane 2) while recombinant chain 2 reactivity is reduced compared 
to chain 1 (lane 3). The recombitope peptides that show IgE binding are recombitope 
peptides XYZ and ZXY (lanes 4 and 8 respectively). All other recombitope peptides 
are negative for IgE binding by this method of analysis. 

Specific binding of IgE to recombitope peptides was also demonstrated in 
ELISA assays. Coming assay plates (#25882-96) were coated with 10 ^g/ml of each 
coating antigen (i.e., TRFP, chain l(recombinant chain 1 of TRFP), chain 2 
(recombinant chain 2 of TRFP), recombitope peptide XYZ, recombitope peptide 
XZY, recombitope peptide YXZ, recombitope peptide YZX, recombitope peptide 
ZXY and recombitope peptide ZYX) listed in Fig. 14 at 50 nl/well and incubated 
overnight at 40Q The coating antigens were removed and the wells were blocked 
with 0.5% gelatin in PBS, 200 pi/well for 2 hours at room temperature. Plasma from 
patient #669 was serially diluted with PBS-Tween 20 (PBS with 0.05% nonionic 
detergent Tween-20 Sigma, St. Louis MO) and 100 uJ/well was added and incubated 
overnight at 4° C (plasma dilutions are tested in duplicate). The second antibody 
(biotinylated goat anti-Human IgE, 1:1000, Kirkegaard & Perry Laboratories Inc. 
Gaithersburg, MD), -was added at 100 ^1/well for one hour at room temperature. 
This solution was removed and streptavidin-HRPO, 1:10,000 (Southern 
Biotechnology Associates, Inc., Birmingham, AL) was then added at 100 ^1/well for 
one hour at room temperature (all wells were washed three times with PBS-Tween 
between each incubation step). 1MB Membrane Peroxidase Substrate system 
(Kirkegaard & Perry Laboratories) was freshly mixed, and added at 100 jil/welL The 
color was allowed to develop for 2-5 minutes. The reaction was stopped by the 
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addition of 100 jil/well of 1M phosphoric acid. Plates were read on a Microplate EL 
310 Autoreader (Biotek Instruments, Winooski, VT) with a 450nm filter. The 
absorbance levels of duplicate wells were averaged. The graphed results (log of the 
dilution vs absorbance) of the ELISA assays are shown in Fig. 14. 

The results of the ELISA shown in Fig. 14 demonstrate a high level of IgE 
binding to TRFP with somewhat lower binding to recombinant TRFP chain 1 
(chainl) and chain 2 (chain 2). The two recombinant chains demonstrate equivalent 
binding with this particular patient's IgE. Only the recombitope peptide ZXY shows 
clear reactivity with IgE. The binding of the other recombitope peptides is at or near 
the background level with a slight signal from recombitope peptide XYZ. To 
demonstrate that recombitope peptides were present in equal amounts in both the 
ELISA and Western assay, anti-peptide antisera was used as a positive control and it 
gave fairly equivalent signals for all lanes and wells with recombitope peptides. 

Exam pfc 4 Human T Cell E m topp. Response to RfteombitOPfi Peptides 

The human cat allergic T cell response to recombitope peptides was 
examined. Peripheral blood mononuclear cells (PBMC) were purified by Ficoll- 
Hypaque centrifugation of 60 ml of heparinized peripheral blood from cat-allergic 
patients, who exhibited clinical symptoms of cat allergy and who were skin test 
positive with cat extract Ten million PBMC from an individual patient were 
cultured in 10 ml RPMI-1640 containing 5% pooled human AB serum and 
supplemented with glutamine, penicillin, streptomycin and HEPES buffer in the 
presence of 10 jig native affinity-purified TRFP/ml of culture or with 25 fig purified 
uncleaved recombitope peptide YXZ/ml of culture or with 25 \xg purified cleaved 
recombitope peptide YZX/ml of culture at 37° C for 7 days. Recombitope peptide 
YZX was cleaved with thrombin as described in Example 2. Viable cells were then 
purified by Ficoll-Hypaque centrifugation and cultured for 2 additional weeks in 
RPMI-1640/5% AB serum containing 5 units recombinant human IL-2/ml and 5 units 
recombinant human IL-4/ml. The resting T cells were then tested in a secondary 
proliferation assay using a 96 well microliter plate to assess T cell responses to 
various TREP proteins or peptides (TRFP antigens). For assay, 2 X 10 4 resting T 
cells were cultured for 3 days at 37°C in the presence of 2 X 10 4 autologous Epstein- 
Barr virus transformed B cells (25,000 Rads) as antigen presenting cells with various 
concentrations of antigen in 200 [il per well. Each well then received 1 fiCi tritiated 
thymidine for 16 hours. The counts incorporated were collected onto glass fiber 
filters and processed for liquid scintillation counting. The stimulation indices for 
responses to each antigen were then calculated as the maximum CPM in response to 
antigen divided by the medium control CPM. A stimulation index of 2.5 was 
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considered to be a positive T cell response. A summary of the results of 3 such 
experiments (patients 522, 519, and 386 is shown in Fig. 15a, Fig. 15b and Fig. 15c. 
As compared to the experiments shown in Figs. 15a and 15b, in the experiment 
shown in Fig. 15c, Fel-1.4 (chain 1, amino acid residues 6-17) was substituted for 
Fel-1.2 (chain 1, amino acid residues 1-17) and Fel-33.3 (chain 2, amino acid 
residues 26-40) was substituted for Fel-18 (chain 2, amino acid residues 23-48) in 
order to more closely resemble the constituent amino acids of peptides X and Z. In 
addition, in this experiment one peptide derived from the Y-Z junction of 
recombitope peptide YZX (amino acid residues 50-55 from chain 1 of TRFP and 
amino acid residues 14-19 from chain 2 of TRFP) and one peptide derived from the 
Z-X junction of recombitope peptide YZX (amino acid residues 34-39 of chain 2 of 
TRFP and amino acid residues 7-12 of chain 1 of TRFP) were synthesized and tested. 
These junction peptides were produced in order to determine whether these areas of 
recombitope peptide YZX produce a non-native epitope when formed in the 
recombitope peptide. 

Jhe results indicate that T cells from patient 522 primed with native TRFP 
positively respond to native TRFP, recombitope peptide YXZ, peptide Y, Fel-14.2 
and Fel-17. In contrast, T cells primed with recombitope YXZ respond less well to 
native TRFP, but respond at a similar level or better to a number of synthetic peptides 
corresponding to portions of the TRFP molecule, including peptide X, peptide Y, 
peptide Z, Fel-4, Fel-3.1, Fel-2, Fel-14.2, Fel-17 and Fel-18. Similar results of an 
experiment with T cells from patient 519 are shown in Fig. 15b. Native TRFP- 
primed T cells from this patient respond to native purified TRFP, recombitope 
peptide YXZ and peptide Y. When the same patient's cells were primed with 
recombitope peptide YXZ, positive responses were shown to native TRFP, 
recombitope peptide YXZ, peptide X, peptide Y, peptide Z, Fel-3.1, Fel-4, and Fel- 
17. Fig. 15c shows a similar experiment involving purified cleaved recombitope 
YZX as the priming antigen. The results indicate that T cells from patient 386 
primed with native TRFP positively respond to native TRFP, recombitope peptide 
YZX, peptide X, peptide Y, Fel-3.1, and Fel-14.2. In contrast, T cells primed with 
recombitope YZX respond at a similar level or better to native TRFP, recombitope 
peptide YZX, peptide X, peptide Y, peptide Z, Fel-2, Fel-3.1, Fel-14.2 and FeM7. 
Hiese data indicate that, at least in these three patients, T cells can efficiently 
recognize TRFP T cell epitopes when presented as a recombitope peptide. No 
epitopes present in the native TRFP molecule examined in these experiments are 
destroyed in the context of the YXZ recombitope peptide. The ability of the 
recombitope peptides YXZ or YZX to present TRFP epitopes in these experiments 
appears to be greater compared with the native molecule. The results from Patient 
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386 demonstrate that peptides derived from the junctional areas of the recomfaitope 
YZX (YZ junction peptide and ZX junction peptide) are not recognized by T cells 
when presented in a recombitope peptide; therefore, no non-native epitopes are 
created in the junctional areas. 



Example 5 Murine T Ce ll Response to Recombitope Peptides 

Mice were immunized with recombitope peptide YZX to determine whether T 
cell epitopes contained in the recombitope peptide derived from TRFP are capable of 
stimulating a T cell response. The assay determined the ability of lymph node cells 
to respond to the individual recombitope peptides as well as the immunizing antigen. 

10 B6CBAF1 mice were immunized subcutaneously at the base of the tail and 
in the thigh region with 100 \xg of recombitope peptide YZX in complete Freund's 
adjuvant After 10 days, the inguinal, paraaortic, and popliteal nodes of the 
immunized mice were removed and pooled. The lymph node cells were suspended in 
cold RPMI 1640 with 1% fetal bovine serum (FBS) by passage through stainless 
steel mesh. The cells were washed 2 times with cold RPMI-1640 containing 1% FBS 
and maintained at 4°C. 

The lymph node cells were plated at 4 x 10 6 cells/ml in RPMI 1640 with 10% 
FBS, 250 ng/ml penicillin G, 100 |ig/ml streptomycin, and 5 x 10~ 5 M 2- 
mercaptoethanoL The cells were cultured with antigen (i.e., recombitope peptide 
YZX, recombitope peptide ZYX, recombitope peptide XZY, peptide X, peptide Y, 
peptide Z, peptides X, Y and Z and Amba I) as indicated (Fig. 16). After 24 hours, 
50 (jl of supernatant was removed from each culture and frozen overnight to 
eliminate live cell carryover. The supernatant was warmed to 37° degrees and 
washed. CTLL-2 indicator cells (ATCC # TIB 214) were added (5 x 10 3 cells/well). 
This indicator cell line requires IL-2 for continued growth. After 24 hours, 
thymidine (ljiCi/well) was added and the cells were further incubated for 4 hours. 
The plates were frozen and thawed, harvested on a Tomtec 96 well harvester 
(Tomtec, Orange, Conn.), and counted on a Betaplate beta counter (Pharmacia, 
Gaithersburg, MD.). 

The pooled lymph node cells respond well in vitro in response to culture with 
recombitope peptide YZX, as measured by EL-2 production (Fig. 16). The media 
only background averaged 1500 cpm. The T cell response to recombitope peptide 
YZX may result from one or a combination of responses to the individual peptide 
containing epitopes used to construct the recombitope peptide (i.e., peptides X, Y and 
Z). Other recombitope peptides as well as the individual peptides X, Y and Z were 
cultured with lymph node cells and the response of T cells was determined. There 
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was significant response to each of the peptides X, Y and Z, the constituent peptides. 
There were strong T cell responses to several other recombitope peptides ZYX and 
XZY. There was a small, but significant, T cell response to a recombinant Amb a I 
preparation which has the same ammo-terminal leader sequences as the recombitope 
peptides. 

Example 6 Application of Recombitopes to Allergic Disease Diagnosis 

The recombitope peptides can be useful as a new form of diagnosis of 
sensitivity to a protein allergen or a protein antigen. For example, although 
preferred recombitope peptides of the invention do not bind IgE, certain recombitope 
peptides derived from protein allergens may be capable of binding allergic patient 
IgE. These recombitope peptides could be used in skin testing as an accurate assay 
for specific Immediate Type Hypersensitivity (ITH) in an individual to the protein 
allergen from which the recombitope peptide is derived. The allergens for eliciting 
the ITH response could also be recombinant produced allergens, biochemically 
purified allergens from natural sources in addition to recombitope peptides with the 
only requirement being a high degree of specific IgE reactivity. Recombitope 
peptides which show no, or very low, reactivity with human IgE but comprise T cell 
epitopes reactive with a protein allergen can be used to elicit a Delayed Type 
Hypersensitivity (DTH) reaction in an individual sensitive to the allergen from which 
the epitopes are derived. The allergen forms for generating the. DTH response can be 
isolated recombitope peptides, recombinant allergens or chemically modified natural 
or recombinant allergens (e.g., KOH treated TRFP). Again, a major requirement of 
the DTH provoking allergen/antigen is lack of IgE binding reactivity, or if such 
binding occurs, lack of mediator release from mast cells or basophils and the ability 
to stimulate T cells in an individual upon administration. A positive DTH is 
indicative of T cells of the individual specific for the epitopes within the recombitope 
peptide. In general, recombitope peptides are larger molecules than peptides which 
comprise an individual T cell epitope and are thus advantageous for DTH testing. 
Since the recombitope peptides are larger molecules, it is believed that they should 
reside in the skin (site of injection) allowing for the influx of T lymphocytes and 
other cells that contribute to the DTH skin response. 

The ITH reaction, which occurs within 15 to 30 minutes of skin testing, can 
be used in combination with a DTH reaction, with the DTH reaction appearing 48-72 
hours later. It is the combination of these assays, for two different types of allergic 
disease related reactivities, that represents a novel diagnostic formulation. The 
application to the skin during skin testing with a recombitope peptide may require a 
different format for eliciting one response versus another (ITH vs DTH). For 



WO 93/08280 PCT/US92/08694 

34 

example, the IIH reaction may be elicited in an individual by prick testing with a 
very small quantity of a therapeutic composition comprising a recombitope peptide 
(in this case the an IgE reactive recombitope peptide), and a pharmaceutical^ 
acceptable carrier or diluent To elicit a DTH reaction, a large amount of a 
therapeutic composition comprising a recombitope peptide (in this case a non-IgE 
reactive recombitope peptide) and a pharmaceutically acceptable carrier or diluent is 
applied by an intradermal injection or tine test form (both are used for TB testing by 
DTH). See Immunology (1985) Roitt, I.M., Brostoff, J„ Male, D.K. (eds), C.V. 
Mosby Co., Gower Medical Publishing, London, NY, pp. 19.2-19.18; pp.22. 1-22. 10. 
Following diagnosis with recombitope peptides of the invention individuals can be 
selected for specific desensitization therapy by defining, in one test set, IgE reactivity 
and T epitope reactivity. 
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Claims 

1. An isolated recombitope peptide comprising at least two regions each having 
human T cell stimulating activity, said regions each comprising at least one T 
cell epitope of a protein allergen, said regions derived from the same or from 
different protein allergens. 

2. An isolated recombitope peptide of claim 1 comprising at least three regions 
each having human T cell stimulating activity. 



3. An isolated recombitope peptide of claim 1 wherein the regions are arranged 
in a configuration different from a naturally-occurring configuration of the 
regions in a protein allergen. 

4. An isolated recombitope peptide of claim 3 wherein the regions are derived 
from the same protein allergen. 

5. An isolated recombitope peptide of claim 1 wherein the regions are derived 
from the same protein allergen and wherein the regions are arranged in a 
noncontiguous configuration. 

6. An isolated recombitope peptide of claim 5 wherein the noncontiguous 
regions are defined by amino acids and wherein the protein allergen from 
which the regions are derived comprises amino acids arranged in a sequential 
order from an amino terminus to a carboxy terminus and wherein said 
noncontiguous regions of the recombitope are arranged in a nonsequential 
order. 

7. An isolated recombitope peptide of claim 1 wherein at least two of the regions 
are derived from different protein allergens from the same genus. 

8. An isolated recombitope peptide of claim 7, wherein the genus is selected 
from the group consisting of: the genus Dermatophagoides : the genus Felis : 
the genus Ambrosia; the genus Lolium ; the genus Cryptomeria : the genus 
Altgmgtria; the genus Alder : the genus Betula : the genus Quercus : the genus 
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Plea: the genus Ajjemisja.; the genus HaDiasQ; the genus Earjsiaria.; the genus 
Canine : the genus Blattella : the genus Apis; and the genus Periplaneta . 

9. An isolated recombitope peptide of claim 7 wherein the at least two regions 
are derived from cross-reactive species. 

10. An isolated recombitope peptide of claim 9 wherein the recombitope peptide 
comprises at least one region derived from PrrmatPphagQides pftTWfisinus 
and at least one region derived from PermatophagQides farinas. 

11. An isolated recombitope peptide of claim 1 wherein at least two of the regions 
are derived from different protein allergens of the same species. 

12. An isolated recombitope peptide of claim II wherein the recombitope peptide 
is selected from the group consisting of a recombitope peptide comprising: 

a) one region derived from Derp I and one region derived from DeLp. II; 

b) one region derived from Dsnf I and one region derived from D£T_f H; 

c) one region derived from Amba I and one region derived from AfflLa E; 

d) one region derived from Lolp I and one region derived from LoLp. EX; and 

e) one region derived from£ryj I and one region derived from Gyj & 

13. An isolated recombitope peptide of claim 1 wherein at least two of the regions 
are derived from different protein allergens of the same group. 

14. An isolated recombitope peptide of claim 13 wherein the recombitope peptide 
comprises at least one region derived from Per p I and one region derived 
from Derf l. 

15. An isolated recombitope peptide of claim 1 wherein at least two of the regions 
are derived from different protein allergens of the same family. 

16. An isolated recombitope peptide of claim 15 wherein at least two of the 
regions are each derived from the group consisting of Amb a. 1.1, Amb a 1.2, 
Amba 13, and Amb a 1.4. 

17. An isolated recombitope peptide of claim 1 which has minimal 
immunoglobulin E stimulating activity. 
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18. An isolated recombitope peptide of claim 5 which has minimal 
immunoglobulin E stimulating activity. 

19. An isolated recombitope peptide of claim 1 which binds immunoglobulin E to 
a substantially lesser extent than protein allergens from which the regions are 
derived binds said immunoglobulin E. 

20. An isolated recombitope peptide of claim 5 which binds immunoglobulin E to 
a substantially lesser extent than the protein allergen from which the regions 
are derived binds said immunoglobulin E. 

21. An isolated recombitope peptide of claim 1 which does not bind 
immunoglobulin E specific for a protein allergen, or if binding of the 
recombitope peptide to said immunoglobulin E occurs, such binding does not 
result in release of mediators from mast cells or basophils in a substantial 
percentage of individuals sensitive to said protein allergen. 

22. An isolated recombitope peptide of claim 5 which does not bind 
immunoglobulin E specific for a protein allergen, or if binding of the 
recombitope peptide to said immunoglobulin E occurs, such binding does not 
result in release of mediators from mast cells or basophils in a substantial 
percentage of individuals sensitive to said protein allergen. 

23. An isolated recombitope peptide of claim 1 which, upon administration to an 
individual allergic to said protein allergen or allergens from which the 
recombitope peptide is derived, modifies the allergic response of the 
individual to said protein allergen or allergens. 

24. An isolated recombitope peptide of claim 5 which, upon administration to an 
individual allergic to said protein allergen or allergens from which the 
recombitope peptide is derived, modifies the allergic response of the 
individual to said protein allergen or allergens. 



25. 



An isolated recombitope peptide of claim 1 wherein the regions are selected 
from the group consisting of peptide X, peptide Y, peptide Z, peptide A, 
peptide B, and peptide C, each as shown in Fig. 4. 
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26. An isolated recombitope peptide of claim 25 wherein the regions comprise 
peptide X, peptide Y, and peptide Z each as shown in Fig. 4. 

27 An isolated recombitope peptide of claim 25 wherein the regions comprise 
peptide X, peptide Y. peptide Z, peptide A, and peptide B, each as shown m 
Fig. 4. 

28. An isolated recombitope peptide YZX comprising peptide Y, peptide Z and 
peptide X, in sequential order, each peptide as shown in Fig. 4. 

29 An isolated recombitope peptide of AYZXB comprising peptide A, peptide Y, 
peptide Z, peptide Y and peptide B in sequential order, each peptide as shown 
in Fig. 4. 

30. An isolated recombitope peptide of claim 1 including a proteolytic site 
inserted between at least two of said regions. 

31. An isolated recombitope peptide of claim 1 wherein the regions each 
comprise at least two T cell epitopes of a protein allergen. 

32. An isolated peptide of a protein allergen of the genus Blis. said peptide 
comprising at least one T cell epitope of said protein allergen, said peptide 
comprising an amino acid sequence selected from the group consisting of the 
amino acid sequence as shown in Fig. 4 of peptide A and peptide B. 

33. A nucleic acid sequence coding for a recombitope peptide of claim 1 or the 
functional equivalent of said nucleic acid sequence. 

34. A nucleic acid sequence coding for a recombitope peptide of claim 5 or the 
functional equivalent of said nucleic acid sequence. 

35. An isolated recombitope peptide comprising at least two regions derived from 
the same or from different protein antigens, said recombitope peptide having 
human T cell stimulating activity. 

36. An isolated recombitope peptide of claim 35 wherein the protein antigens 
comprise protein allergens. 
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An isolated recombitope peptide of claim 35 comprising at least three regions. 



38. An isolated recombitope peptide of claim 35 wherein the regions are arranged 
in a configuration different from a naturally-occurring configuration of the 
regions in a protein antigen. 

39. An isolated recombitope peptide of claim 38 wherein the regions are derived 
from the same protein antigen. 

40. An isolated recombitope peptide of claim 35 wherein the regions are derived 
from the same protein antigen and wherein the regions are arranged in a 
noncontiguous configuration. 

41. An isolated recombitope peptide of claim 40 wherein the noncontiguous 
regions are defined by amino acids and wherein the protein antigen from 
which the regions are derived comprises amino acids arranged in a sequential 
order from an amino terminus to a carboxy terminus and wherein said 
noncontiguous regions of the recombitope peptide are arranged in a 
nonsequential order. 

42. A therapeutic composition comprising a recombitope peptide of claim 1 and a 
pharmaceutically acceptable carrier or diluent. 

43. A therapeutic composition comprising a recombitope peptide of claim 5 and a 
pharmaceutically acceptable carrier or diluent 

44. A therapeutic composition comprising a recombitope peptide of claim 7 and a 
pharmaceutically acceptable carrier or diluent 

45. A method of treating sensitivity to a protein allergen in an individual, 
comprising administering to the individual a therapeutically effective amount 
of the composition of claim 42. 

46. A method of treating sensitivity to a protein allergen in an individual, 
comprising administering sequentially to the individual two different 
compositions of claim 42 in a therapeutically effective amount 
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47. A method of treating sensitivity to a protein allergen in an individual, 
comprising adnunistering to the individual a therapeutically effective amount 
of the composition of claim 43. 

48. A therapeutic composition comprising a recombitope peptide of claim 35 and 
a pharmaceutically acceptable carrier or diluent 

49. A therapeutic composition comprising a recombitope peptide of claim 36 and 
a pharmaceutically acceptable carrier or diluent. 

50. A therapeutic composition comprising a recombitope peptide of claim 40 and 
a pharmaceutically acceptable carrier or diluent. 

51. A method of treating sensitivity to a protein allergen in an individual, 
comprising administering to the individual a therapeutically effective amount 
of the composition of claim 48. 

52. A method of treating sensitivity to a protein allergen in an individual, 
comprising administering to the individual a therapeutically effective amount 
of the composition of claim 49. 

53. A method for detecting specific Delayed Type Hypersensitivity in an 
individual to at least one protein allergen, comprising administering to the 
individual a Delayed Type Hypersensitivity test utilizing a modified from of 
said at least one protein allergen or a portion thereof, or said at least one 
protein allergen produced recombinantly, or a recombitope peptide 
comprising at least two regions derived from said at least one protein allergen, 
each of which has human T cell stimulating activity and each of which does 
not bind immunoglobulin E specific for said at least one protein allergen, or if 
binding of the recombitope to said immunoglobulin E occurs, such binding 
does not result in release of mediators from mast cells or basophils in a 
substantial percentage of individuals sensitive to said at least one protein 
allergen, and determining the extent to which a specific Delayed Type 
Hypersensitivity reaction occurs in the individual 



54. 



A method of claim 53, wherein the regions each comprise at least one T cell 
epitope of said at least one protein allergen. 
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55. A method for determining in individuals the presence of immunoglobulin E 
specific for at least one protein allergen and the ability of T cells of the 
individuals to respond to T cell epitope(s) of said at least one protein allergen, 
comprising the steps of: 

a) administering to the individuals an Immediate Type 
Hypersensitivity test utilizing said at least one protein allergen or a portion 
thereof, or a modified form of said at least one protein allergen or a portion 
thereof, each of which binds immunoglobulin E specific for said at least one 
protein allergen; 

b) determining whether a specific Immediate Type Hypersensitivity 
reaction occurs; 

c) administering to an individual prior to, simultaneously with, or 
subsequent to administration of the Immediate Type Hypersensitivity test in 
step (a), a Delayed Type Hypersensitivity test utilizing a modified form of 
said at least one protein allergen or a portion thereof, or said at least one 
protein allergen produced recombinantly, or a recombitope peptide 
comprising at least two regions derived from said at least one protein allergen, 
each of which has human T cell stimulating activity and each of which does 
not bind immunoglobulin E specific for said at least one protein allergen, or if 
binding to said immunoglobulin E occurs, such binding does not result in . 
release of mediators from mast cells or basophils in a substantial percentage 
of a population of individuals sensitive to said at least one protein allergen; 
and 

d) determining whether a specific Delayed Type Hypersensitivity 
reaction occurs. 

56. A method of claim 55 wherein the regions of the recombitope peptide each 
comprise-at least one T cell epitope of said at least one protein allergen. 

57. A method of detecting and treating sensitivity in an individual to at least one 
protein allergen, comprising the steps of : 

a) administering to the individuals an Immediate Type 
hypersensitivity test utilizing said at least one protein allergen or a portion 
thereof, or a modified form of said at least one protein allergen or a portion 
thereof, each of which binds immunoglobulin E specific for said at least one 
protein allergen; 

b) determining whether a specific Immediate Type Hypersensitivity 
reaction occurs; 
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c) administering to an individual having a specific Immediate Type 
Hypersensitivity reaction a Delayed Type Hypersensitivity test utilizing 

a modified form of said at least one protein allergen or a portion 
thereof, or said at least one protein allergen produced recombinantly, or 
a recombitope peptide comprising at least two regions derived from 
said at least one protein allergen, each of which has human T cell 
stimulating activity to said at least one protein allergen and each of 
which does not bind immunoglobulin E specific for said at least one 
protein allergen, or if binding to said immunoglobulin E occurs, such 
binding does not result in release of mediators from mast cells or 
basophils; 

d) determining whether a specific Delayed Type Hypersensitivity 

reaction occurs; and 

e) administering to the individual having a specific Immediate Type 
Hypersensitivity reaction and a specific Delayed Type Hypersensitivity 
reaction a therapeutically effective amount of a therapeutic 
composition comprising the modified form of said at least one protein 
allergen or said portion thereof of step (c), or said recombinantly 
produced protein allergen of step (c), or said recombitope peptide of 

step (c) and a pharmaceutically acceptable carrier or diluent. 

58. A method of claim 57 wherein the regions of the recombitope peptide each 
comprise at least one T ceE epitope of said at least one protein allergen. 

59. A method for designing the recombitope peptide of claim 35, comprising the 
steps of: 

a) reviewing the known protein structure of an antigen; 

b) theoretically dividing the antigen into at least two peptide regions 
of desired lengths; 

c) theoretically arranging said at least two peptide regions to form 
at least one recombitope peptide in which the peptide regions are 
rearranged in a noncontiguous order; 

d) producing at least one recombitope peptide having the 
configuration of the at least one recombitope peptide of step (c); and 

e) determining whether the at least one recombitope peptide of step 
(d) has human T cell stimulating activity. 



60. 



A method of claim 59 further comprising the step of: 
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f) determining whether the recombitope peptide found to have human 
T cell stimulating activity in step (e) binds immunoglobulin E specific 
for the antigen of step (a). 

A method of claim 59 wherein in step (b) the antigen is divided into 
overlapping regions of desired lengths. 

The method of claim 59 wherein there is known at least one T cell epitope of 
the antigen or at least one region of the antigen having human T cell 
stimulating activity and wherein in step (b), said region having human T cell 
stimulating activity or said T ceil epitope is utilized as at least one of said 
peptide regions. 

A method of claim 59 wherein in step (b) the antigen is divided into regions 
according to an algorithm. 

A method of claim 59 wherein the protein antigen comprises a protein 
allergen and wherein step (b) further comprises producing said peptide 
regions and determining whether said peptide regions bind immunoglobulin E 
specific for the allergen of step (a), and if such peptide regions bind IgE, 
whether such binding causes the release of mediators from mast cells or 
basophils, and wherein in step (c) the peptide regions that bind 
immunoglobulin E specific for the allergen of step (a) and cause the release of 
mediators from mast cells or basophils are not included in the peptide regions 
arranged to form the at least one recombitope peptide. 

An isolated recombitope peptide comprising at least two T cell epitopes 
derived from the same or from different protein antigens. 

An isolated recombitope peptide of claim 65 comprising at least three T cell 
epitopes. 

A method of treating sensitivity to a protein antigen in an individual 
comprising administering sequentially to the individual at least two different 
isolated recombitope peptides, each recombitope peptide comprising at least 
two human T cell epitopes derived from the same or from different protein 
antigens, in a therapeutically effective amount. 
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68. A method of treating sensitivity to E&is dnmesticus in an individual 
comprising administering sequentially to the individual at least two different 
peptides selected from the group consisting of: peptide X; peptide Y; peptide 
Z; peptide A; peptide B; and peptide C, each as shown in Fig. 4, in a 
therapeutically effective amount. 

69. A composition comprising at least two isolated recombitope peptides, said 
recombitope peptides each comprising at least two T cell epitopes derived 
from the same or from different protein antigens. 

70. A composition comprising at least two isolated recombitope . peptides, said 
recombitope peptides each comprising at least two regions each having human 
T cell stimulating activity, said regions each comprising at least one T cell 
epitope of a protein antigen, said regions derived from the same or from 
different protein antigens. 

71. A composition comprising at least two isolated recombitope peptides, said 
recombitope peptides each comprising at least two regions derived from the 
same or from different protein antigens, said recombitope peptides each 
having human T cell stimulating activity. 

72. An isolated recombitope peptide comprising at least two regions each having 
human T cell stimulating activity, said regions each comprising at least one T 
cell epitope of a protein antigen. 

73. An isolated recombitope peptide of claim 72 wherein the protein antigen is an 
autoantigen. 

74. An isolated recombitope peptide of claim 73 wherein the autoantigen is 
selected from the group consisting of: insulin; myelin basic protein; rh factor; 
acetylcholine receptors; thyroid cell receptors; basement membrane proteins; 
thyroid proteins; PM-1; glutamic acid decarboxylase (64K); and 
carboxypeptidase EL 



75. 



An isolated recombitope peptide of claim 72 wherein the regions are arranged 
in a configuration different from a naturally-occurring configuration of the 
regions in a protein antigen. 
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76. An isolated recombitope peptide of claim 72 wherein the regions are arranged 
in a noncontiguous configuration. 

77. An isolated recombitope peptide of claim 76 wherein the noncontiguous 
regions are defined by amino acids and wherein the protein antigen from 
which the regions are derived comprises amino acids arranged in a sequential 
order from an amino terminus to a carboxy terminus and wherein said 
noncontiguous regions of the recombitope peptide are arranged in a 
nonsequential order. 

78. An isolated recombitope peptide of claim 72 which does not bind 
immunoglobulin specific for said protein antigen in a substantial percentage 
of individuals sensitive to said protein antigen. 

79. An isolated recombitope peptide of claim 73 wherein the regions are arranged 
in a configuration different from a naturally-occurring configuration of the 
regions in a protein antigen. 

80. An isolated recombitope peptide of claim 73 wherein the regions are arranged 
in a noncontiguous configuration. 

81. An isolated recombitope peptide of claim 80 wherein the noncontiguous 
regions are defined by amino acids and wherein the protein antigen from 
which the regions are derived comprises amino acids arranged in a sequential 
order from an amino terminus to a carboxy terminus and wherein said 
noncontiguous regions of the recombitope peptide are arranged in a 
nonsequential order. 

82. "An isolated recombitope peptide of claim 73 which does not bind 
immunoglobulin specific for said autoantigen in a substantial percentage of 
individuals sensitive to said protein antigen. 

83. A nucleic acid sequence coding for a recombitope peptide of claim 72 or the 
functional equivalent of said nucleic acid sequence. 



84. 



A therapeutic composition comprising a recombitope peptide of claim 78 and 
a pharmaceutically acceptable carrier or diluent. 
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85. A therapeutic composition comprising a recombitope peptide of claim 76 and 
a pharmaceutically acceptable carrier or diluent 

86. A therapeutic composition comprising a recombitope peptide of claim 80 and 
a pharmaceutically acceptable carrier or diluent. 

87. A therapeutic composition comprising a recombitope peptide of claim 82 and 
a pharmaceutically acceptable carrier or diluent. 

88. A method of treating sensitivity to a protein antigen in an individual, 
comprising administering sequentially to the individual two different 
compositions of claim 84 in a therapeutically effective amount 

89. A method of treating sensitivity to a protein antigen in an individual, 
comprising administering sequentially to the individual, two different 
compositions of claim 87 in a therapeutically effective amount 

90. A composition comprising at least two isolated recombitope peptides, said 
recombitope peptides each comprising at least two regions each having human 
T cell stimulating activity, said regions each comprising at least one T cell 
epitope of a protein antigen. 

91. A method of determining in individuals the presence of immunoglobulin 
specific for a protein antigen and the ability of T cells of the individuals to 
respond to T cell epitope(s) of said protein antigen, comprising the steps of: 

a) combining a first blood sample or at least one portion of a first 

blood sample obtained from an individual with said 
protein antigen or a portion thereof, or a modified form of said 

protein 

antigen or a portion thereof, each of which binds immunoglobulin 
specific for said protein antigen, under conditions appropriate for 
binding of blood components with said protein antigen, modified 
protein antigen or a portion of either of said antigens; 

b) determining whether binding occurs; 

c) combining a second blood sample or a second portion of said first 
blood sample obtained from an individual found 

to have binding of blood components in step (b), with a recombitope peptide 
comprising at least two regions derived from said protein antigen, said 
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recombitope peptide having human T cell stimulatingactivity to said protein 
antigen and which does not bind immunoglobulin specific for said protein 
antigen in a substantial percentage of a population of individuals, sensitive to 
the antigen; and 

d) determining whether T cell stimulation occurs. 

92. A method of detecting and treating sensitivity in aii individual to a protein 
antigen, comprising the steps of : 

a) combining a first blood sample or at least one portion of a first 
blood sample obtained from the individual with said protein antigen or a 
portion thereof, or a modified form of said protein antigen or a portion 
thereof, each of which binds immunoglobulin specific for said protein 
antigen, under conditions appropriate for binding of blood components with 
said protein antigen, modified protein antigen or a portion of either of said 
antigens; 

b) determining whether binding occurs; 

c) combining a second blood sample or a second portion of said first 
blood sample obtained from the individual found to have binding of blood 
components in step (b), with a modified form of said protein antigen or a 
portion thereof, or said protein antigen produced recombinantly, or a 
recombitope peptide comprising at least two regions derived from said protein 
antigen, each of which has human T cell stimulating activity to said protein 
antigen and each of which does not bind immunoglobulin specific for said 
protein antigen in a substantial percentage of a population of individuals 
sensitive to the protein antigen; 

d) determining whether T cell stimulation occurs; and 

e) administering to the individual found to have binding in step (b) 
and T cell stimulation in step (d) a therapeutically effective amount of a 
therapeutic composition comprising the modified form of said protein 
antigen or said portion thereof of step (c), or said recombinantly produced 
protein antigen of step (c), or said recombitope peptide of step (c) and a 
pharmaceutical^ acceptable carrier or diluent. 

93. A method for detecting specific Delayed Type Hypersensitivity in an 
individual to at least one protein antigen, compising administering to the 
individual a Delayed Type Hypersensitivity test utilizing a modified form of 
said at least one protein antigen or a portion thereof, or said at least one 
protein antigen produced recombinantly, or a recombitope peptide comprising 
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at least two regions derived from said at least one protein antigen, each of 
which has human T cell stimulating activity and each of which does not bind 
immunoglobulin specific for said at least one protein antigen in a substantial 
percentage of a population of individuals sensitive to said at least one protein 
antigen, and determining the extent to which a specific Delayed Type 
Hypersensitivity reaction occurs in the individual. 

94. A method of treating sensitivity to JFeJis. domesticus, in - 311 individual 
comprising administering simultaneously to the individual at least two 
different peptides selected from the group consisting of: peptide X; peptide 
Y; peptide Z; peptide A; peptide B and peptide C, each as shown in Fig. 4, in 
a therapeutically effective amount 

95. A composition comprising at least two isolated peptides, said peptides 
selected from the group consisting of peptide X; peptide Y; peptide Z; peptide 
A; peptide B; and peptide C, each as shown in Fig. 4. 

96. A composition of claim 9 wherein said two isolated peptides comprise peptide 
X and peptide Y. 

97. An isolated recombitope peptide of claim 1, wherein the regions are selected 
from the group consisting of a peptide comprising all or a portion of amino 
acid residues 84-106 of human MBP; a peptide comprising all or a portion of 
amino acid residues 84-102 of human MBP; a peptide comprising all or a 
portion of amino acid residues 89-101 of human MBP; a peptide comprising 
all or a portion of amino acid residues 140-172 of human MBP; and a peptide 
comprising all or aportion of amino acid residues 143-168 of human MBP. 

98. A composition comprising at least two isolated peptide, said peptides selected 
from the group consisting of a peptide comprising all or a portion of amino 
acid residues 84-106 of human MBP; a peptide comprising all or a portion of 
amino acid residues 84-102 of human MBP; a peptide comprising all or a 
portion of amino acid residues 89-101 of human MBP; a peptide comprising 
all or a portion of amino acid residues 140-172 of human MBP; and a peptide 
comprising all or a portion of amino acid residues 143-168 of human MBP. 



99. 



A method of treating multiple sclerosis in an individual comprising 
administering to the individual at least two different peptides selected from 
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the group consisting of a peptide comprising all or a portion of amino acid 
residues 84-102 of human MBP; a peptide comprising all or a portion of 
amino acid residues 89-101 of human MBP; a peptide comprising all or a 
portion of amino acid residues 140-170 of human MBP; a peptide comprising 
all or a portion of amino acid residues 143-168 of human MBP; and a peptide 
comprising all or a portion of amino acid residues 145-163. 
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